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Executive Summary 
Flowirq bot-t.orithole pressure tieesi-iie less than t h e  ttirbtile poirit 
pressure dut-it;g t 985. 
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Rev is i t ing  the  quest ion o f  gas content  of  ht-itie i s  pat - t icu lar i lg  iriipcirtarit 
because ( 1  1 coning of f r ee  gas i n t o  the we l lbore  w i t h  cont.inuing drawdown 
woir ld d ramat ica l l y  improve the  economics o f  production an!! (2) the ear ly  
flow t e s t i n g  of the well invo lved se r i  t w  prritileriir;; i n  utit-aitiing and 
i n te rp re t i ng  gas product ion r a t e  data. Indeed,, ca lcu lated gas r-ates a t  t h e  
times o f  sampliriq are the  onlq repor ted ra tes  tha t  w e  have been sti le to 
f i n d  for the 21 day t e s t  o f  Sand * E t  during October at-iij November of 1963. 
This  ra ises  the quest ion as t.cr whether  the  recomhinatii:in babble poir i t  illf 
9200 psia i s  in  e r r o r  due t o  errcir i n  the  r a t e  data t-hat was the basis  for  
se lec t ing  the quant i t ies  of gas and br ine  t o  recortibine i t s  the laboratory .  
1.0 GAS PRODUCTION, MEASUREMENT, AND ANALYSES 
The gas separat ion and meter i t iq  a t  the  Eladys PlcCall s i t e  i s  represented 
schemat ica l l y  i n  Exh ib i t  1 . 1 .  There are t w o  separators operatinq i n  series. 
Gas and br i t ie  are separated in  the  f i r s t  separator a t  pressures tha t  a re  
usual ly  ar-ound the  sales line pressi-ire of I O 6 0  psig. The br ine  t-tieti passes 
t o  t h e  secmid, low pressure, separator where some ijddi t iona l  gas 
l ibera ted  by the  pressure dt-op i s  recovered. Gas remain ing in  the  br ine  
a f t e r  t h e  low pressure separator i s  ptut down the disposal well. 
The operat ing pressure o f  the  low pressure separator  is governed tg two 
c r i t e r i a .  F i rs t ,  the pressure mus t  be h igh  enough t o  i n j e c t  the  br ine  i n t o  
the disposal w e l l .  There are no pumps t.o push the  br i t ie  down the disposal 
well. The second c r i t e r i o n  i s  the  qas buyer's requi rement  tha t  the  carbon 
diox ide  content  of  the  comingled h iqh  pressure at;d ccmpressed l o w  
pressure 3as niust- be less than t-en percent.. Lower ing  the pressure i n  the 
l o w  pressure separator  increases the  t o t a l  recoinm-g  o f  hydroc:at-bons hut 
a lso increases the carhon d iox ide content of  the comingled sales gas. 
1.1 Gas Analyses 
Numerous 3i3s samples have been collect.ed and analysed Over the years. 
The cornposit-ion o f  the  gas a t  every sample po in t  depends on the pressure 
and temperature a t  t h a t  po in t  as w e l l  as: the  f l u i d s  previousty removed 
t 
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High Pressure Sepsrotor 
l o  Flare + 
I Low Pressure Separator I 
Exhibit I .  I Gladys McCall Gas Separation Schematic 
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V 
- Choice 5, identified as GMlFLSGGAS, i s  actually obtained by collecting 
brine from the f i r s t  stage separator before the dump valves. The brine i s  
collected a t  the f i r s t  stage separator pressure and temperature in steel 
cylinders. The brine i s  cooled and the pressure reduced t o  atmospheric. 
Gas exsolves from the brine. In normal operations, a portion of this gas 
would be recovered by the second stage separator and a portion injected 
w i th  the brine down the disposal well. 
- Choice 7, identified as GM2DRAGAS, i s  gas obtained a t  the second stage 
separator gas t o  sales ori f ice meter. This gas is  a t  the second stage 
pressure and a t  a temperature usually near that of the brine. Analyses of 
this gas should be used in  the flowrate calculations for that orifice. Gas 
samples obtained a t  the low pressure separator H2S sample point are 
similar t o  gas obtained a t  the ori f ice plate. 
- Choice 8, identified as GM2FLSHGA5, i s  gas flashed from brine collected 
a t  the second stage separator temperature and pressure. This gas is  
normally injected down the disposal wel l .  
- Choice 9, identif ied as GMSALEGAS, i s  gas obtained after the f i r s t  and 
second stage gas has been brought t o  sales line pressure, cooled, and had 
the water removed w i th  a glycol unit. The sample location is  near the 
sales gas ori f ice meter. 
- Choice IO, identified as GM-LLSALE, i s  gas obtained a t  the custody 
transfer point near the road, roughly 2.4 miles from the Gladys McCall 
location. This gas i s  similar t o  Choice 9, but analyses of samples from 
this point by the buyer, Louisiana Resources Inc, are used for custody 
transfer considerations. These include verif ication that the gas meets 
contract specifications (such as water content, H2S content and less than 
10% carbon dioxide) and determination of  ETU content. 
1.2 Gas Rate Measurement 
The direct measurements of  gas production rates from the two separators 
and the comingled gas to  sales are made w i th  o r i f i c e  meters. Each 
5 
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separator is  equipped wi th  separate ori f ice plates for gas f low t o  sales 
and for gas f low to  flare. Portions of gas from each separator could be 
simultaneously sold and flared. The orif ices are not equipped w i th  block 
valves and bypasses. Thus, shut-in of production would be required fo r  
changing ori f ice plate size. In practice, sensitivity i s  adjusted by 
changing the span of the differential pressure transmitter, wi th the 
inherent degrading o f  resolution and accuracy for low rates. 
The amount and composition of gas in the brine leaving each separator i s  
periodically determined by measuring the amount liberated from a cooled 
brine sample when the pressure i s  reduced to  atmospheric and analysis of 
that gas. The carbon dioxide content of recovered gas and of  gas in brine 
sent t o  the disposal wel l  i s  dependent upon whether scaling occurs. The 
formation of each molecule of carbonate scale is accompanied by 
formation of a carbon dioxide molecule. 
1.2.1 Orif ice Metering 
The gas production rates reported from the Gladys McCall location are 
calculated by the operators w i t h  the use of a table for each meter run that 
is a function only of pressure and temperature. Multiplying the value 
obtained by interpolation of the table by the square root o f  the differential 
pressure then yields the reported gas rate. These tables were provided by 
a consultant during 1984. Notations on the tables reveal that the 
following values were used to  calculate them: 
H P Sep L P Sep Sales 
Dimensions: 
Pipe ID., in. 2.626 2.626 2.067 
Orif ice bore, in. .75 ,375 ,625 
Gas Properties: 
Molecular weight 18.957 22.032 19.407 
Specific heat ra t io  1.3 1.3 I .3 
Viscosity, cp. .o 15 .O 15 .O 15 
V 
Dry Gas Gravity (ideal) calculated from the 
above mo 1 ecu 1 ar we i gh t .6545 ,7883 ,670 1 
6 
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This f ield procedure assumes that the only variables in the ori f ice 
equation for each meter run are the measured pressure, differential 
pressure and temperature. But, in practice, the ori f ice equation has 
multiplicative factors that are dependent upon the composition of the gas 
being metered. The most significant i s  the gas gravity factor, which is  
the inverse of the square root  of the gas gravity. A smaller composition 
dependence i s  in  the supercompressibi1i.ty factor (inverse of the square 
root of  the compressibility or  z) for deviation from ideal gas behavior. 
Correction of  metered gas rates for water vapor i s  very significant fo r  the 
meter runs on the low pressure separator. At a temperature of 260 
degrees Fahrenheit, the vapor pressure of water i s  35.4 psia. Thus, a t  a 
separator pressure of 400 psia, roughly 9 percent of the gas passing 
through the ori f ice plate i s  water vapor which i s  condensed and removed 
from the stream before the gas is  sold. The effect of this water vapor 
upon gas gravity and supercompressibility should be taken into account in  
deducing to ta l  gas f low ra te  from the ori f ice meter and then correction 
should be made for the water t o  be condensed. 
When IGT installed the computer data aquisition system on the Gladys 
McCall s i te in 1986, the real, dry gas gravities selected in an ef for t  t o  
match operator reported rates were 0.6562, 0.727 and 0.670 for the high 
pressure separator, low pressure separator and sales gas meter runs 
respectively. Resolution of  differences o f  up a few percent between 
operator reported rates and rates from the digital system was not 
practicable due t o  lack of details on the calculations that produced the 
tables used by the operators. 
The actual dry gas gravity depends primarily on the pressure of the 
separators. The higher the separator pressure, the lower the gas gravity. 
This function i s  clearly shown in  Exhibits 1.2 and 1.3, which presents the 
gas gravity calculated from analyses of gas samples collected a t  the 
or i f ice meters on the high and low pressure separators (choices 4 & 7) at 
various times over the l i f e  of the test. The dry gas gravity w i l l  also be 
affected by the brine temperature and, for the low pressure separator, by 
the operating pressure of the high pressure separator. 
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On A p r i l  13-14, 1987, when the  h igh pressure separat-or w a s  a t  515 ps ia  
ond the  low pressure separat-or was a t  400-450 ps ia ,  low pressure 
separator gas g rav i t y  was  l o w e r  than would be expect-ed a t  that  pre=i;ure. 
These data po in ts  are blackened i n  Exhib i t  1.3 t o  d i f ferent ia t -e  them frcm 
the rernaininq sarrrptes. The ex ten t  t o  which the lowet- g rav i t ies  a r e  due t o  
undocuniented t ra t i s fe rs  o f  gas f ron i  the  h igh pressure s e p a r a t o r  t o  t h e  l o w  
pressure separator through a bypass l i n e  is riot cleat-. These t ransfers 
were  needed tit main ta i  t) cont ro l  o f  the  leve l  i t i  the l w t  pressure separator. 
W i th  t h e  sct-ual gas g rav i t i es  d i f f e r i ng '  frcm-1 the  assumed g a s  qt-avit-id, the  
calculat-ed gas f l o w  r a t e s  w i l l  be in er rn r .  The qrav i t ies  are cor rec t  on lq 
i t  the  high pressure separstor i s  aperated a t  1001:! psis and the low 
pressure separator  i s  kept  a t  420 psia. Exhib i t  1.4 shows t-tie e r ro r  in  t-he 
r e p w t e d  gas r a t e s  a t  seivcral operat i  ng pressures. 
Exhib i t  1.4, Er ro r  i n  Gas Rate Calcu lat ions Based on 
The U i f f e r e n t  Gas Gt-sriities s t  Various Pressure:? 
Pressure Gas Grav i ty  Et-t-or i n  Calculated Gas Rate 
H i g h i r e  s s u r e  S e p a r a  t ci r 
500 ps ia  0.683 2.0 W h iyh  
750 psia 0.669 1 .O W hiqh 
1015 ps ia  0.656 0.0 
Low Pressure Separator (HP Sep @ 1000 ps i )  
300 ps ia  0.775 3.2 W high 
400 ps ia  0.732 0.3 X high 
500 ps ia  0.708 i:- 1.31% l o w  
1-22 Gas i n  Brine 
IGT t~ses ari a lgo r i t hm based on those of Garg and Glount t o  calcutat-e the 
amount o f  90s remaining i n  the brine after the  separator. The val idi ty of 
this algarithm ha:, been demonstrated on numerous DOE wells .  Exhihit 1.5 
presents the  amount o f  gas recovered di-iring br ine  flashes per formed IJU 
1\31 and 'deather ly  on b r ine  ft-otii troth +he f i r s t  arrd second stage separators 
versl-is t he  separator  pressure. Ti'ie :wcti.;nt o f  qa:i i k > i i .  i n  t h e  b r ine  i s  
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dependent on the pressure of the separator. The temperature would also 
have a much smaller effect on gas content, but the Gladys McCall system 
has remained relatively isothermal. 
The diamonds in  Exhibit 1.5 are gas liberated by reducing the pressure on 
separator brine to  atmospheric pressure (flashing) by IGT and Weatherly. 
The "X"s represent calculated values which are low by about 30%. Recall 
that the algorithm i s  based on methane solubil ity in  brine. 
Exhibit 1.6 presents the METHANE content o f  the separator brine versus the 
METHANE PARTIAL PRESSURE in  the separator. The "X"s are the same as i n  
Exhibit 1.5, representing the IGT algorithm for calculating gas content in  
brine af ter  the separator. The agreement between the two i s  excellent. 
Methane content of brine af ter  the separator i s  consistent w i t h  Henry's 
Law in that i t  deviates l i t t l e  f rom a l inear dependence. For every 100 psi 
o f  methane partial pressure, 0.56 SCF/STB o f  methane w i l l  remain in  the 
brine. This compares to  values of 0.62 SCF/STB/100 psi for the Wainofco 
P.R. Girouard *1, 0.60 SCF/STB/100 psi f o r  the Pleasant Bayou 9, and 
0.53 SCF/STB/100 psi f o r  the HO&M Prairie Canal ' 1 .  
Exhibit 1.7 i s  a plot of ethane content of  disposal brine versus the ethane 
partial pressure in  the separator. Again, there i s  B simple linear 
relationship that fo l lows Henry's Law, w i th  0.0040 SCF ethaneiSTBfpsi , 
which compares favorably w i t h  0.0038 SCF ethane/STB/psi ethane partial 
pressure at the HQ&M Prairie Canal '1 We l l .  Note that these values are 
valid ONLY FOR METHANE AND ETHANE PARTIAL PRESSURES, not separator 
pressure. 
These simple relationships, which do not change w i t h  flowrate, indicate 
that the separators are a t  equilibrium and the only way tci recover nwre 
methane i s  lower the separator Pressure. 
MONTHLY PRODUCTION REPORTS have been produced i n  the f ie ld  i n  a 
consistent manner since the s ta r t  of testing o f  the Gladys McCall well. 
Daily production and pressures are summarized on a single l ine on each of 
. 
I 
I 
I 
1 
I 
I
 
4 
i 
I 
I 
I I 
I 
i 
i 
i 
I 
! 
I 
i j i I I I I 
.
I
 
i I I I 
I f I ! ! I I I ! I I i 1 I ! I I 
l I 
I I I 
-
1
 
I
-
 
i 
-1 
r 
n 
m 
I- cn 
\ 
L 
V cn 
W 
H 
H 
I- 
Z 
0 
V -L P 
I- a 
a 
LI 
I cn 
U 
1 
LL 
W 
Z 
K 
I 
t- 
W 
. 1 2  
. I  
.08 
.06 
.04 
. 0 2  
0 l  
n 
, 
t t 1 1 
5 10 15 2 0  25  
ETHANE P f l R T I A L  PRESSURE IN THE SEPARATORS ( P S I A )  
Exhibit 1.7 Ethane Left in  Brine vs. Ethane Partial  
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the t w o  pages of the monthly report IGT has entered these data into a 
computer and augmented the data by using our algorithms t o  convert brine 
r a t e  t o  stock tank barrels per day (STB), t o  calculate gas content o f  brine 
t o  the disposal well, and t o  calculate f lowing bottomhole pressure 
First, IGT calculates a brine ra te  in  terms of stock tank barrels o f  brirre 
per day (STB/U) from the reported separator barrels per day Cjperator 
reported gas production rates are not adjusted f o r  gas gravity or changed 
in any manner Next, the computer calculates the amount o f  gas3 rernaininq 
in the brine af ter  the second separator By adding the gas recovered in the 
f i r s t  separator, the gas recovered in the second separator, and the gas 
remaining in the brine af ter  the second separator, a l l  o f  the qas produced 
from the reservoir i s  accounted for The result of this calculation 
procedure is  called the perforation qas - 
Cumulative perforation gas production versus cumulative brine production 
from these calculations i s  presented i n  Exhibit 1.8. The overall gas t o  
brine r a t i o  taken from the slope of the line i s  28.8 SCF/STB. 
1.4 Total Gas Measurement 
The partit ioning of gas between separator meter runs and brine t o  the 
disposal we1 1 i s  dependent upon separator pressures Thus, deducinq 
whether the gas content o f  each barrel of brine passing through th; 
perforations into the wellbore has changed w i th  time requires sumrning o f  
two  or three gas volume and composition measurements to  deduce total  
gas content of  produced brine a t  each t ime 
a 
Several analyses are needed t o  define the to ta l  produced gas. The easiest 
method of determining th is  value i s  by measuring the f i r s t  stage separator 
gas and the gas remaining in the brine a f te r  the f i r s t  stage separator. In 
terms of  the gas analyses in the Appendix, Choice 1 (or 2 or 4) w i t h  Choice 
5. An equally acceptable alternative i s  to  replace Choice 5 w i t h  Ch0ic.e 7 
and Choice 8. 
The gas analyses are combined by weighting each by the gas t o  brine ra t i o  
a t  each sample point. The f i r s t  stage separator gas generally comprises 
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. 
23 SCF/STB out o f  a to ta l  of 29 SCF/STB, so the composition of the f i r s t  
stage gas greatly effects the composition of the to ta l  gas. in contrast, a 
flash of the second stage separator brine generally provides less than 3 
SCF/STB. So even though the composition of this flashed gas i s  very 
different than that of the f i r s t  stage gas, i t  does not overly affect the 
calculated composition of the to ta l  gas. 
In more detail, fo r  each sample point, 'the procedure is  t o  multiply the 
mole fractions of  each gaseous species by the appropriate gas t o  brine 
rat io.  This w i l l  result in  cubic feet of methane, ethane, propane, etc. per 
barrel of brine, Then, the contributions from sample points are added unt i l  
a l l  of the produced gas i s  counted, as described above. Finally, the 
gas/brine r a t i o  for each gas component i s  divided by the sum of a l l  gas t o  
brine rat ios t o  get the composition of the to ta l  gas. 
A compilation of  a l l  to ta l  gas measurements made t o  date are provided in  
Appendix C. in cases where the f i r s t  stage separator brine was flashed, 
the second stage separator gas i s  not needed t o  calculate the to ta l  gas, 
and -. 10 i s  inserted in the gas composition table t o  differentiate no 
analysis from a measured zero concentrat ion. 
2.0 GAS CONTENT OF RESERVOIR BRINE 
If a geopressured geothermal reservoir i s  not saturated wi th gas, the 
possibil i ty of economically viable production has not been established. 
Conversely, i f  the reservoir i s  saturated with gas, there is a distinct 
possibil i ty that f ree hydrocarbons exist somewhere in the reservoir. If 
these f ree hydrocarbons cone into the well, such as occurred on the Lear 
G.M. Koelemay * 1 well, the production economics improve dramatically. 
Laboratory recombination of samples of separator gas and brine that were 
collected October 8, 1983, a f te r  only a day of production from sand ' 8 ,  
gave a bubble point of  9200 psia. This i s  much less than the in i t ia l  
reservoir pressure of 12,783 psia and indicated that the reservoir brine 
was not saturated wi th natural gas. The primary uncertainty in this 
conclusion was whether ra te  measurement problems had resulted in 
laboratory recombination of the wrong gas/brine ratio. 
17 
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The data from long term testing makes possible use of several other tests 
and analytical techniques t o  address the question of saturation of 
reservoir brine. These tests involve both gas t o  brine ra t i o  measurements 
and chemical composition measurements. The preponderance of data leads 
us t o  conclude that the reservoir was not origionally saturated w i th  gas. 
The reservoir may even now be drawn down t o  below the bubble point only 
in the near wellbore area. The data and interpretation leading t o  these 
conclusions are discussed in  the following sections. 
2.1 P-V-T Studies 
The 1983 P-V-T study (report i s  Appendix A) was performed by the same 
personel and laboratory fac i l i ty  as similar prior studies of samples from 
Wells of Opportunity. The prior work had eliminated many "bugs" from the 
very t r icky and tedious procedure and achieved good agreement w i t h  other 
laboratories studying solubil ity of natural gas in brine. 
Exhibit 2.1 presents the the gas t o  brine rat ios from Appendix A in  terms 
o f  SCF/separator barrel and SCF/STB and the resulting bubble point 
pressures. The right hand column i s  methane solubil ity calculated from 
equations developed fo r  DOE by C.W. Blount and his students. 
Exhibit 2.1, Weatherly P-V-T Recombination Data 
---GAS TO BRINE RATIOS--- 
SCF/sep. barrel SCF/STB (psia) SCF/STB 
Bubble point BLOUNT SOLUBILITY* 
10.0 1 14.36 2855 15.85 
15.00 19.64 4550 20.68 
18.00 22.82 5785 23.64 
20.00 24.94 6730 25.67 
25.0 1 30.25 9200 30.30 
3 1.9+ 37.5 12703 35.04 
+ extrapolated 
* Calculated for 294 Deg F. and 95,000 ppm NaCl 
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Due t o  the hydrostatic pressure o f  brine in the well, the only entries in 
Exhibit 2.1 descriptive of credible producing conditions are the three 
highest pressures. The agreement between recombination gas content and 
laboratory solubil ity of pure methane in pure NaCl brine i s  surprisingly 
close at bubble point pressures of 6780 and 9200 psia. Unfortunately, 
page 12 of the P-V-T report in Appendix A ref lects the authors 
questionable extrapolation to  31.9 SCF sep.gas @ 15.025 psia & 60 deg F 
per BEL. sep.water @ 500 psig &268 degE at reservoir pressure that i s  on 
page 20 of the report. Correcting t o  atmospheric pressure and 60 deg F 
and adding gas flashed from the separator brine results i n  the high value 
o f  37.5 SCF/STB for gas solubil ity in reservoir brine. The authors 
extrapolation on page 23 of the report ( t o  35.8 SCF/STB) i s  in excellent 
agreement w i th  expectations based on pure components. 
As previously mentioned, one concern regarding the 1983 P-V-T work i s  
whether an incorrect rat io of separator gas and brine was recombined due 
to  problems or  errors in f low rate measurement. The o i l  accumulation in  
the separators that became apparent more than a year after the start  of 
production provides another concern. I t  i s  virtual ly impossible to  collect 
and recombine samples of three f lu id  phases (gas,oil & water) in the 
correct proportions. Also, careful work in the same laboratory had 
previously revealed that trace amounts of o i  1 precluded reproducible 
measurement of the gadbrine bubble point for samples from the Lear G.M. 
Koelemay well. 
2.2 Changes in  the Produced Gas t o  Brine Rat io  
Weatherly's P-V-T data suggest that for  every psi the brine i s  below the 
bubble point, 0.002 SCF/STB of gas w i l l  come out of solution. This gas 
w i l l  be trapped in the portion of the cone of depression that i s  below the 
bubble point pressure unt i l  the cr i t ica l  gas saturation of  about 3% o f  the 
pore volume i s  reached. The volume of th is portion of the cone of 
depression w i l l  increase wi th  t ime and a only a small portion of the gas 
being trapped w i l l  f low. The produced gas to  brine ra t io  is  expected to  be 
ref lect  the solubil ity of gas at the pressure that exists w i t h  a few feet of 
the wellbore rather than the gas content of original reservoir brine. 
19 
C s l  CIA ated bot. tomhcd e pr-essui-es during t-he t hi t-d qiuarter of  1 Ye5 t-atlged 
f r o m  9700 psia t o  attout 9400 psia.  This ind ica tes  that t h e  bubtlle pclirit 
pr-essure i s  in  the same range. Tha t  rartqe - is in qctod agreet-nent 5,vitt-t the 
92Oi:j psia frotm t h e  P-V-T data. 
2.3 Changes i n  the Produced Gas Composition 
The riat-rirsl gas in  t h i s  rese rvo i r  i s  a m i x t u r e  containing metMane, ethat-re, 
propane, butanes, carbon dioxide, and other  qases. Because the i ndit;irrfml 
cot-npotients have d i f f e r e n t  so lub i l i t ies ,  a gas phase j1-t equilitit-ium w i th  
G
as C
ontent of G
ladys M
cC
all R
eservoir B
rine 
M
ay 29,1907 
.. 
-. 
c
 
E *- t- > 0 U m 0, c L 0 U v) m c3 C 0 U m L 0 IC L a¶ a N c1 c X W vi .C a .C rn I- c'! u .C 'C 
. - . .
 
. .
 . 
. . . - . _
_
. 
- . 
. . 
.
 . .
 . -.
 
_
.
 
. ._
 . 
. . 
. -. . - 
. 
e
. 
.. 
. . .. . __ 
~ 
e.... I
-
 
. 
. .. . 
.. 
Gas Cotit-etit o f  Gladys McCaI Reservoir Eiri ne Plau 29,1'387 
Th is  e f f e c t  i s  dernonstrat-ed in Exhibit. 2.3,% which presents  data from B 
d i f  ferent ia1 l iberat ion sti-idq perfclr-med bq ':h:'eathet-lq Labarst.cries as  E 
Fiat-?. ~:lf t h e  P-V-T siudq covered bq the  repor t  in 8ppetidix A.  Gss artif br ine  
frot-rt the Gladus McCail well were  recontbiried a t  30.48 SCFISTE. The 
bubble p o i n t  pressi-it-e was 13200 psia. Tt-ii::; f l u i d  is representat ive of  the 
reservoir trr-i ne p r i o r  tci product ioti. The pressure tit-t the  brine was t-edttceci 
u t i t i i  a bubhle l a rge  enough t o  sarfiple tiad exsol iwd ft-arn the  br ine.  Th is  
tlrrbhle  as theft rernwed and the  pressure was lowered still fut-!her imtil  
annther biutfttle ccruld be sarripled. 
The bubble of qas t h a t  was rerzioved ft-clrii !he P-'4-T cell arid atlaiysecl 
wou11J be trapped iri the rese rvo i r  dur ing tiormst production. This qas i s  
t-ickier in  the heavq hydrucsrbons than the ctriqii ial scrlution gas. - A t  t h e  
Same t ime, the gas remain ing  in  soltrticin in  the t r ine ,  arid produced iufi the  
welibore, w m i l d  tiecome sl iqt i t- ly depleted i t i  ethane ntid t ieavier 
hqdrocarhons .- as r e s e t - w i r  pressure \,vas reduced h e ~ o w  the  b!rtitite point .  
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Exhibit 2.4 presents the ethane/methane and propane/methane rat ios in  
the total gas composition as described in Section 1.4. These values 
suggest that the reservoir may have been below the bubble point by 
December of 1985. At that t ime the hydrocarbon ratios were clearly 
below those a t  the start  of the test. . 
We can estimate the change in solution'gas composition as the pressure 
drops below the bubble point. For  a SO0 psi drop from a bubble point of 
9200 psi, approximately 1.0 SCF/STB of gas should have been exsolved and 
trapped in  the reservoir. Using the gas compositions in  Exhibit 2.3, and 
assuming that a l l  of the exsolved gas i s  trapped in  the reservoir, we can 
calculate that the ethane content of  the produced (solution) gas should 
drop from 2.22 R t o  2.15 %. The propane content should drop from 0.480% 
to 0.444%. The ethane /methane r a t i o  should drop from 0.269 t o  0.261 I and 
the propane/methane r a t i o  should drop from 0.0058 t o  0.0054. These 
changes are about as observed between the 1984 samples and the 
1486- 1987 samples. 
The gaps of more than a year between to ta l  gas measurements preclude 
interpretation of  Exhibit 2.4 in  terms of  bubble point. Some of  the gaps in 
time were examined by making a similar plot (Exhibit 2.5) from analyses 
o f  samples from the f i r s t  stage separator a t  times when the pressure was 
near t o  1000 psi. Overall trends of the two plots are similar but they do 
not provide resolution of  the question as to  whether the change during 
1985 was due t o  dropping below the bubble point or  due t o  changes in the 
source of brine. The la t te r  possibil i ty cannot be ignored. O i l  accumulation 
in the separators began early i n  1985 and changes in  the concentrations of 
some species i n  solution i n  produced brine changed between February and 
May, 1985. The most notable was an increase in  barium concentration 
b from about 100 mg/l t o  about 500 mg/l. 
2.4 The IGT Bubble Test 
During tests of  Wells of Opportunity that produced gas saturated brine 
(G.M. Koelemay, Riddle-Saldana, and Pra i r ie  Canal wells), IGT observed 
that sudden increases in  product ion r a t e  were accompanied by a transient 
23 
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"bubble" of natural gas having a duration of 10's o f  minutes. During the 
"bubble", produced gas/brine rat io was higher, natural gas 1 iquid (NGL) 
content of  the gas was higher, and carbon dioxide content was unchanged 
relat ive to  steady-state production o f  gas saturated brine. Understanding 
o f  the bubble was found in the phenomena described above. 
IGT adopted the procedure of carefully monitoring gas rates and 
composition following a step increase in drawdown as a "bubble test" t o  
determine whether the flowing bottomhole pressure was below the bubble 
point pressure of reservoir brine Or, in other words, t o  determine 
whether free gas was in pores near the wellbore 
Two bubble tests have been performed at the Gladys McCall wel l  The f i r s t  
was on Febuary 12, 1986 and the second was on April 14, 1987 Both 
suggested that the bottomhole pressure was below the bubble point 
pressure but that the amount of free gas in pores at near the cr i t ica l  gas 
saturation was very small Details of  the procedure, the test results, and 
interpretation are provided in the sections below 
2.4.1 Physical Phenomena That Cause The Bubble 
As observed in Section 2.3, as brine pressure drops below the bubble point 
pressure, a portion of the gas i s  exsolved. This gas i s  much richer than the 
gas remaining in solution. Furthermore, th is gas is  trapped in the 
reservoir until the gas phase i s  continuous. The gas saturation needed t o  
form a continuous gas phase i s  termed the "cr i t ica l  gas saturation". There 
is l i t t l e  data available on cr i t ica l  gas saturation, but the value i s  assumed 
to  be about 3% of the total pore volume (National Petroleum Council, 
1980). Data from the P-V-T study indicate that the Gladys MCCatl 
reservoir pressure would have to  drop t o  below 2000 psia before gas 
would occupy 3% o f  the pore volume in the entire reservoir. But, in the 
area immediately surrounding the we1 lbore, brine being produced 
experiences large pressure gradients associated w i t h  brine converging on 
the we 11 bore and perf orat ions. 
. 
As the BOTTOMHOLE PRESSURE drops below the bubble point pressure, gas 
exsolves near the wellbore. Gas saturation near the wellbore increases as 
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Exhibit 2.6 Brine Rate, F i rst  Stage Separator Gas/Brine Ratio, 
and Hydrocarbon Ratios vs. Time on Febuary 1 1, 1986 
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rat i n s of et. h a rt e i: t-il e t. 1-1 a ti e a t i  if p t - cq  at-{ e i: t-rl e t. hsne 1: h ij t i  g ed s i  !J rt i t i c: art t 1 y , as 
tistiulated i n  Exh ib i t  2.7 arid shown yt-aphicallq in Exhib i t  2.5. 
Beiot-e r a t e  i t icrease i:, .<I 2 57 
After- r a t e  iticrease,, before 
= t r  [I t t CI KI s - 1-1 p" 0.0 2 5 9 
About t 5 minu tes  a f t e r  bottoms-up 0.027'1 
A t m t  30 tnini;tes a f t e r  bottcms-up 0.0263 
Abuii t  80 minut-es a f t e r  hot-tons-up 0.0265 
About 3.5 t -w rs  a f t e r  bottorfts-up 0.0257 
0.0 2 59 About- 8 days af tet-  bottotsss-up 
The increase i n  the hydrocarbon r a t i o s  a f te r  the SIOW istrot;? ~ r i e  t s i x r ; l  
increase in  br ine  ra!e was citivious i n  t h e  above ta t j ig  and i t s  Ext i ib i? 2.7. 
But, e x a m i n a t i m  of Exh ib i t  2.0 reveals  no ottvious increase i t ?  t he  gss !ci 
br ine  ra t i o .  The increase, i f  any, was less t-hsn 1SilFi'STH. The qss 
composi t ion data (Exhihit  2.7) reveals tha t  t-he r:ia:;it-rtum Brriciltt i t of titm 
!hat f ree gss may have been prodi.md ~ ~ 2 s  4 hcurs. This iea?js us tci 
conclude t-hs? free gas product ion was less than 5 F K F .  
At hot-tctmhole pressure and ternperature SMCF of  qas wi~uld or:ctrpcy less 
than 12 cuhic: f e e t  [if p i m  volume. Adjust i t ig fcir po ros i t y  i t6w) snd the 
a:;sutrted water saturst i#n (9?W), this i s  equivalent t o  the  qns contefit o f  
2500 cutiic: f ee t  of rese rvo i r  rack. As the  f r a c t i o n  of gas pt-ciijt-;ce!j wot-rld 
tie yropor-tiwial t o  the  drop in  the bottomt-!ole pt-essiire, which declined 
fr-cm 3580 psia t.0 3250 ps ia  (c!tnlq 3.6% nf the f r ee  gas could f low)2  the 
f r e e  gas phase a t  the  crit ical  gas sat.irration necessat-q t o  prciduce 5 MC:F of 
qm shouid o~:ci!py it.),!:>OO w b i c  feet  of reseri;oir- rock. Assurisi rig B py 
thickt iess of 300 feet., this volume woldid he B cgti t ider wi th a rad ius  of 8.6 
fee!. This i s  an upper l imi t  tiecmise art upper l imi t  fo r  f ree  gas prctducticm 
( 1  SCFiSTB fo r  4 hours) W E  used in  these calculations. 
- 1 
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The bui ldup o f  f ree  gas t o  c r i t i c a l  gas sat-uraticin would tiave t o  have 
occurred over a t i m e  o f  d a p  o r  weeks before the “buhble test” .  Review o f  
the h i s t o r y  o f  ca lcu la ted  f l o w i n g  bot tomhole pressure suqqests c .- t t ia t  t h i s  
rriay h a w  occurred dur ing t h e  fourth quar ter  of 1985 a t  a pressure o f  
ruughly 3500 ps i  
2.4.3 April 14, 1987 Bubble Test 
During A p r i l  1987 t h e  bubble t e s t  w a s  repeated. Long t e r m  product ion had 
reduced !he bottomhcile pressure t o  about 8600 psia. F lowra tes  had beer: 
coritrctlled bu the  f i r s t  stage separator  pressure, and the  chokes were  fu l ly  
open. It was recogrrised t h a t  increas ing the  f l o w r a t e  requi red iswering 
the separator  pressure. If this occrirred d i ~ r i n g  t-tie b!ihhle test, changing 
inventor ies  o f  gas i n  the  separator  volume wou ld  make i t  d i f f i c u l t  t o  
q m n t i z e  any change in  the  gas t o  b r i ne  ra t i o .  
Cln A p r i l  13, 1987 the  f i r s t  stage separat-or pressure w a s  lwm-ed fmrn 
10 18 p s i s  t o  5 15 psia, a mininitins pressure needed ti? t-nairitaiti m - l t r c i l  a i  
the l eve l s  i n  the separators  and d r i ve  the  disposal well. A t  the satiie t ime,  
the chokes were  adjusted so that  the wel lhead pt-essut-e ren is ined constant 
a t  about I150 ps ia  and h r ine  r a t e  remained const-ant a t  s l ight ly  ahoi.;e 
22,000 STH/D. The w e l l  w a s  t-hen a l l owed  t o  run overnight so t h a t  t-he gas 
composi t io t i s  in  the  separators  wou ld  equ i l ib ra te  a t  t he  l o w e r  s e p a r a t w  
pressure end qood basel ine data could be obtained. 
The chokes were  then opened a l l  the  way a t  1200 hours on A p r i l  14. The 
ttrinEr r a t e  jumped f r o m  22050 t-o 25300 STB/D, t h e  wel lhead Firessure 
dt-ctpped f r o m  1150 t o  710 psia, and the  ca lcu lated hot tomhole pressure 
dropped f r o m  8590 t o  8335 psia. Exhib i t  2.8 presenth the  changes i n  t-he 
gas t o  t r i n e  rat io ,  t he  b r ine  f l o w  rate, mid t-he hydrocarbon r a t i o s  during 
the t es t .  Changes in  hydrocarbon rat- ios are stso tabulated i n  Exhihit 2.9. 
. 
While the  changes in t h e  hydrocarbon r a t i o s  are not  as c lea r  dar ing t h i s  
t e s t  8s in t h e  Febuary 1986 test ,  an increase in  the  hydrocarbon ratios i s  
evident. In Exh ib i t  2.8 i t  i s  also c lea r  tha t  the  product ion rif f ree  gas ‘t”,‘~:? 
a t  mos t  t r i v i a l .  The bubble, i f  i t  could be ca l led  such, consis ted o f  less 
than 1 MCF o f  gas. 
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2.4.4 Discussion o f  Bubble Test  Resrrlts 
Gas Content of Gladys McCall Reservoir Brine May 29,1987 
wellbore and has a radial thickness Ar .  Brine that i s  below i t s  bubble 
point pressure and i s  radially f lowing through this cylinder of reservoir 
rock liberates about 0.002 SCF/STB of  qas per psi o f  pressure drop ac.rCiss 
the radial thickness Ar.  
dimensions of the cylinder and brine rate by Darcies Law. Equatinq t he  
pressure drops from the equations f o r  these t w o  phenomena makes 
possible solving for the t ime required t o  ac.hieve c.ritica1 gas saturation as  
a function o f  radial distance from the wellbore, brine rate, and reservoir 
parameters. In conventional oil f ie ld  units, the resultant equation is: 
. But, that f lowing pressure drop i s  related t o  the 
4 
where t = Tirne, days 
P = Pressure psia 
Tb = Temperature Base, Deg. K.. 
0 = Porosity, fraction 
Sgc = Crit ical Gas Saturation, fraction 
K 
h 
r = Radius, feet 
.002= Gas exsolved for a pressure drop of 1 psi, SCF/STB 
Pb = Pressure Base, ps ia  
T = Temperature, Deg.K. 
fi = Brine viscosity, cp. 
0 = Brine rate, STB/D 
= Permeabi 1 i ty, Darcies 
= Pay Zone Thickness, feet 
. 
Solving this equation for the Gladys McCall wel l  for a f low rate o f  25,1100 
STB/D and fo r  a radius of 10 feet reveals that about 320 days or  more than 
10 months would be required t o  achieve cr i t ica l  gas saturation. In 
contrast, fo r  the Wells of Opportunity where the bubbles were observed, 
permeability and thickness were both about an order of magnitude smaller 
than for the Gladys McCall wel l .  For a brine rate of  5000 STB/D, such well 
would achieve cr i t ica l  gas saturation 10 f e e t  from the wellbore in  the  
much shorter t ime of about a week. 
W 
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This very slow buildup of  the cr i t ical  gas saturation in the reservoir, 
coupled w i th  not being able t o  change the bottomhole pressure more than a 
few percent, lead us t o  conclude that there is  no reasonable engineering 
basis t o  support expectations of a large bubble of  free gas being frroduc.ed 
during April 1987. The bubble test was successful in  that i t  did provide a 
quafitative indication that the bottomhole pressure was below the 
bubblepoint pressure of the reservoir brine. 
3.0 CONCLUSIONS FOR THE GLADYS McCALL WELL 
The Gladys McCall Sand "8 was not saturated w i th  gas at. the origional 
reservoir pressure of  12783 psia. The bubble point pressure f o r  the 
reservoir brine was probably between 9400 psia and 10000 psia. The 
tests and interpretations thereof used t o  reac,h this conclusion are 
summarized below. 
The 1983 P-V-T analyses found a recombination bubble point 
pressure o f  9200 psia for a gas t o  brine r a t i o  of 30.25 SCF/STE. 
This result closely matched the methane solubil ity predicted by 
Blount's equation. The methane solubil ity predicted by Elount's 
equation, a t  294 F and 95000 ppm NaCi, i s  30.30 SCF/STB a t  9200 
psia and 35.85 SCF/STB a t  12783 psia. 
The produced gas t o  brine r a t i o  appeared t o  start a very slow 
decline in  the la t te r  half o f  1985. Bottomhole pressure had never 
been below 10,500 psia prior t o  the successful inhibitor p i l l  in June 
1985. A f te r  that p i l l ,  the vast majori ty of  production has been at  
rates high enough for  f lowing bottomhole pressure t o  be below 
10,000 psi and it got as low as 9400 psi during the la t te r  half of 
1985. . The decline in  the produced gas t o  brine r a t i o  i s  assumed t.c) 
be caused by gas being liberated in  the reservoir due to  the 
bottomhole pressure fal l ing below the bubblepoint pressure. 
Changes in the produced brine composition (the barium 
concentration in  the brine jumped over 400% between February and 
May 1985) and the characteristics of the produced hydrocarbons ( o i l  
production was f i r s t  noticed during January 1985) may indicate 
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4.0 OTHER DESIGN WELLS AND RECOMMENDATIONS 
4. 
The Gladys PlcCall rese rvo i r  b r ine  was o r ig ina l l y  undersaturst-ed wi th 
natt f ra l  gas and t~ottomhole pressure has been drawn !o below the hubtile 
pcii t i t  pressut-e. WE! know clf no addi t ionf r l  test-s, t h a t  do not requ i re  
c:onti nuing product ion f o r  qears,, t ha t  could improve d e f i n i t i o n  of  the  
original hutltrle point pressure f o r  this reseructir. While eviderice 
support ing t-tie undersaturated conclusion i s  strong, the  ti-tirrirnal quanti tu 
and questionable q t t a l i t ~  o f  wtuch sf  the  data make in t -erpretat ion and 
rep a r t  i ri q t! G?. h d i i f  i c 1-1 ! t and t ed i s u s . 
I 
Gas Ccinterit- of  Gladys McCait Reservoir Br ine Play 23,1967 
tvaw this i s  the  fa i i r t h  reser!;oit- 1irr:it tesl. !/-:at we've dlme., t w q  
a t  "Sweet Lake and two a t  Gladqs McCall. A11 of thetm show 
roughly the  same thing. They at-e about 80% saturated.  H e w -  
rriind the  br ine  i s  dif ferent-,  new-  mind t.he gas t u  water  ratios 
81-E! d i f f e r e n t .  They cslctif a t e  nu? t o  be about 80% sati irsted." 
WE! have not iourd  repo r t s  where in  DOE'S pr ime  contt-actctt-5; fur the t:tther 
two design w e l l s  have e x p l i c i t l y  repor ted on whetvhet- t-he :-eserimir tit-irte 
was saturated wi th nstural gas. Hut, detailed exansination of  !he 4st.a by 
IGT-has f a i l e d  t o  make a p laus ib le  case f o r  e i t he r  of !hem being !i.i3tLiYsied. 
In t he  case of t t ie  DCiW-DOE L.R. Sweezq No. 1 well! prot!Iems i n  measut-?r:y 
gas product ion were  so great  t h a t  l i t t l e  dat-a was rgpor ted atid t h e  et-rors 
there in  may well be 30% o r  more. 
For t h e  Pleasant Eayctu No. 2 we l l ,  product ion of 4.5 wi i l l io r i  bsrrels s i  
b r ine  was accompanied by l i t t l e ,  i f  any, change it-! t-eportkd gasi'hrine ra t i o .  
For ?Re l a s t  3.0 niillislt-i barrels, b r ine  rat-e averaged a repor ted 1 Fi1375 
STBID. Cinder these condi t i  ons, sppreci able drawdctwti rr i t i~ t haVe occur-red. 
With the  except ion o f  cryocondensstes and scale re la ted analyses,% i t  
appears t h a t  no f l u i d  analyses were  per fo rmed during t.he l a s t  2; riiilitr:tn 
barrels Nevertheless, the l ack  of decl ine ir; report.ed qas!bri!?e ratic! out. 
?d 
- 
of the  separators  makes i t  un l i ke ly  t h a t  the reset-vi;ir tit-ine was Satiirb: 
w i t h  na tura l  gas a t  o r ig ina l  pressure. 
It 1s recommended t h a t  f u t u r e  design well t e s t s  invo lve  much heav 
emphasis upon def i t i i t - ive deterrr i ination as t o  whettier r e w r i o i r  tsririe 
sat-urat-ed w i  t-h tiat-ural gas. Recommendations t o  achieve t h i s  include: 
e r 
1s 
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e Accurate gas r a t e  rrteasurernent, inc lud ing s u f f i c i e n t  gas stialyses t o  
he cori f ident t ha t  co r rec t  valtues are being used fc i r  gas cctmposition 
dependent fac to rs  i n  the  o r i f i c e  equatjort. Cci r rec t im rtf rates f o r  
w a t e r  vapor arid carbon dioxide ccinten! of t he  qas passinq tht-!:tiugh 
the mete rs  i s  essential. 
I) P-'4-T stiudies per formed i n  laborator ies t:apstrle rif pt-essures st. 
l eas t  as hiqh as st-iqinal rese rvo i r  pressure. F;llecctrntiinat-iitns should 
be per formed a t  qas t o  t r i n e  rat-ios higher- than t.he "pt-ctducetj" gas t o  
hr ine  trstict i f  h iqher  r a t i o s  are needed t.ilr reach !he oriqirir;l 
reset-voir pt-Pr.- .. aJL1 re.  
Hydrocarbon and br ine  sample co l l ec t i on  arid snal!_tsis i n  B st.?ndard 
riiatinet- a f t e r  every month ot- a f t e r  every m i l l i o n  t iar re?s of 
production, whichever  i s  triore frequent, as w e l l  as in conjunc!ion 
with changes i n  product ion ra te .  To ta l  [rroduced gas, incliudiriq - -  gas 
ret-rtaining in  so lu t ion  i n  b r ine  and c a r t m i  dioxide liberated frctrri 
h r i  ne tq ac id  e t  attriospheric pressure, needs to he deterrfi ined each 
t ime.  
APPENDIX A 
Weatherly Laboratories, lnc. 
Reservoir Fluid Analysis 
Gladys McCall Well No. 1 , Sand No. 8 
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TECHNADRIL-FENIX 81 SCIss(M, IK. 
SUITE 2W 
HOUSTON, TEXAS 77868 
3 NoRmpoIrir  DRIVE 
ATTENTION: EIR. LARf?Y WJRFETT 
RE: RESERVOIR FLUID STUDY 
GLADYS HIXALL WELL NO. 1, SAND 8 
EAST CRAB LAKE FIELD 
cCwER0)J PARISH, LOUISIANA 
A T T M D  ARE THE RESUCTS OF THE ANCYYSES OF THE CtEtiICAL AND PHYSICAL 
CHCYZClCTERISTICS OF A RECOWBINED RESERVOIR FLUID SCWPLE RMM THE SUBJECT WELL. 
SURFACE SEPARATOR W L E S  WERE COLLECTED FROM THIS WELL BY CI REPRESENTATIVE OF 
WEATHERLY LABORATORIES, IN. ON OCTOBER 8, 1983. THE GCIS-UATER RATIO (GWfl )  
LIQUID, UAS USED AS THE BASIS FOR WE REC13WBINCITION. THE RESULTANT RESERVOIR 
FLUID EXHIBITED A BUBBLE POINT OF 9,288 K I A  AT THE RESERVOIR TEttPERCITURE 290 
#GEES FCWRENHEIT. 
OTKR REEtdBINATIONS E R E  #3NE TO DETERMINE A BUBBLE POINT -VS- OWR RELATIONSHIP. 
A DIFFERENTIAL LIBERATION CIMD VISCOSITY HEASUf7EFQNTS WERE PERFOMD USING 
RESERVOIR FLUID RECOIIBINED TO THE PRODUCED GWR AT THE TIME OF SMPLING. 
)IEASURED ON THIS TEST, 25.81 CUBIC FEET CF SEPMATOR OCIS PER BARREL OF SEPARATOR 
9 
WE WISH TO THANK YW FOR MIS OQWRTUNI[TY OF SERVING YOU. 
QUESTIONS CONCERNIN3 THIS REPORT, PLEAIE COHTACT US. 
SHOULD THERE BE ANY 
m: m. JONNE BERNING 
TECHFWlRILfENIX & SCISSCN, INC. 
RT. 1, B O X  36-B 
ORAND CMENIER, LA 7M43 
I 
TEWDRIL-FENIX & SCISSON, INC. 
UADYS KCALL WELL FWI). 1, SAND 8 
EAST CWB LAKE FIELD 
1 ) ' WTER VAPOR CONTENT OF SEPARATOR GAS UAS DETERIIINED BY FLOWING GAS FROH A PETERING 
V A L E  ON THE SEPMAT(3R GAS lETER RUN THROUGH A UEIOHING TUBE (INDICATOR Df3IERITE 
TMM FRon THE SClFlE PLWE INTO 1 W L O N  STAINLESS STEEL (S.S.) CYLINDERS AFTER THOROllGH 
SEPARATOR GAS TO F U U  SEPARATOR PRESSURE, 
THE SEPARATOR WATER WIPLINO POINT BY A S.S. TUBE LONG E W  TO LOOP THROUGH A COOLING 
SEPARATa WATER WCIS LET INTO THE CYLINDER BY SLOWLY BLEEDING OClS FRWl THE TOP VALVE. 
AT NO T I E  WS TI€ WTER W T  I N TliE CYLINDER MLOWED TO DROP BELOW SEPARCITOR 
fR€SsLR€. 
(cas041 WEIQHED TO 8.1 WIUIWWI) TO A RUSKA MSOPETER. SEPARATUR GAS SAMPLES WERE 
PURGING. SEPARATOR LIQUID S(YIPLE CYLINDERS ( w e  m. s.s.) WERE FIRST CHARGED WITH 
THE LIQUID CYLINDERS WERE THEN CONNECTED TO 
BATH. THE MTER T W E R  LINE MAS THEN SLOWLY AND THORWWLY PURGED AT THE CYLINDER. 
2) FLAW LIBERATION OF OM RIon SEF+ARATU? WATER UAS IICGOWLISHED BY USING A WEIGHED 
SEPC\RATOR FLASK. 
WATER CYLINDER BY A SHORT WIUllRY L I E .  
THROUGH A WEIGHED DRYING TUBE THROUGH A CLASS CYLINDER (* 380 ML.) TO A RUM 
GcIs(wEETER. A VACWn V A L E  AND A ERCURY W K T E R  WCIS CONNECTED TO THE GAS WINIFOLD 
BETUEEN THE DRYING TUBE MID THE GASOHETER. 
FLASH GAS IWIFOLD WAS EVACWTED AND THEN FILLED WITH HELIUll TO ATROSPHERIC PRESSUHE. 
A K" VOLLplE OF SEPARATOR WTER WCIS PUSHED W T  OF THE SAllPLE CYLINDER AT A PRESSURE 
SLIGHTLY A B M  FIELD SEPCYZATOR PRESSURE BY USE OF A CALIBRATED HERCURY W. THE 
VOCUJE OF STOCK TAW W7ER PRODUCED wcls DETERMINED BY ITS WEIGHT AND DENSITY. 
WKlIlE OF DRY GAS EVOLVED UAS DETaWINED WITH THE GASOIJETER. THIS GAS VOLlPlE WCIS 
SUBJECT TO 2 2 1. ERfXlR DUE TO THE VERY SHALL MOUNTS MEASURED. 
TO A CMROIWTOGRCW FOR ANALYSIS FRon THE GLASS CYLINDER. 
THIS SEPARATOR FLASK W CONNECTED TO THE OUTLET OF A SEPARATOR 
GAS FROM THE SEPARATOR FLASK PASSED 
BEFORE COWSENCING THE FLASH, THE ENTIRE 
THE 
THE GAS WAS CHARGED 
3) PHYSICAL RECOHBINATION OF SEPARATOR EFFLUENTS: 
SEPARATCR GAS WAS CHCIRGED INTO A TEMPERATURE CONTROCLED CELL. 
W1NW)WED CELL IS KNOW FOR ANY PRESSURE AND TErtPERATWK. THE PRESSURE OF THE GAS I N  
TM CELL WS tEEcIsuRED WITH A )tERCUf?Y tlAC\NOMETER CIND A B M W T E R .  THIS CALCULATED GAS 
WICW WAS SUBJECT TO A 2 1 7. ERROR DUE TO THE SMCVL C\IIOUNT CHCIRGED TO THE CELL. A 
VDLWE OF SEPARATOR WTER W CHARGED INTO THE WINDOUED CELL BY USE OF A CALIBRATED 
EERWRY W. 
SEPMTOR PRESSURE. FOUR RECOMBINATIONS MERE DONE IN ORDER TO PRODUCE A SATURATION 
PRESSURE-US-GAS WTER RATIO CURVE. R€SEIM)IR FLUID RESULTING FROW RECUIlBINATION OF 
M: PROWCED OWR (FIFTH RECUIBINATION) WAS USED TO PERFoRn A DIFFERENTIAL LIBERATION 
AND VISCOSITY E A W E " T .  
THE VOLUME OF THIS' 
? 
THE WATER WS ETERED AND MEASURED AT A PRESSURE SLIGHTLY ABOVE FIELD 
PFlGE 2 OF 25 
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TEWDRIL-FENIX & SCISSON, INC. 
CKADYS PICCALL WELL NO. 1, SAND 8 
FAST CRAB L M E  FIELD 
4 )  PREssuRE-wKu)1E R E U T I W  O f  REmIW RESERVOIR FLUID AT RESERVOIR TEWERATUR€: 
E m  DATUn OF PRESSW-WKUK P T I f f l S  WAS CORRECTED FOR tlERCUIY PUMP CALIBRATION, 
WIF#D EXPCWSICN, CELL EXPCYSSICPI, EERCURY COMPRESSIBILITY CWD ESERCURY THERp1AL 
EXPMION. LIQUID UOLM PERCENT WS DETERHIED BY CCILIBRATED CATHETOMETER W BY 
WTA INTERPRETCITION. 
5 )  DIFFERENTIAL LIBERATION OF RESERVOIR FLUID AT RESERVOIR TEMPERATURE: 
GAS FROn ECICH PRESSUK ECREWENT OF THE DIFFERENTIAL LIBERATION WS ANALYZED I N  THE 
WE )vIEEER AS DESCRIBED I N  21, (FLASH LIBERATION). 
WERE NOTED. 
DIFFERENTIAL LIQUID CHANCES 
6) VISCOSITY OF RESERVOIR FLUID MS WECISURED BY tfL J. R. COtlEAU OF HEATHERLY LABORATmIES. 
A ESCRIPTICN OF )IR. IXHEAU'S EXPERIHENTAL pRocuwRES I S  OIVEN BELOW: 
OEOTHERWL WTER VISCOSITIES UER€ H E W E D  USING A RUSKA ROLLING BALL VISCOMETER 
WITH AN ELECTRONIC DETECTICM SYSTEM TO PREVENT ELECTROLYSIS. THE DETECTION SYSTEH 
CONSISTS OF A SENSITIVE MIDI0 W I F I E R  WITH POSITIVE FEEDBACK ADJUSTED JUST BELOU 
OSCILLATION. THE BlKL I S  )IEu) BY #J ELECTROMGNET. UHEN CURRENT TO TIE rWGNET I S  
TURNED OFF, A PULSE I S  PROWCED WHICH STARTS A DIOITAL TIHER. MEN THE BALL STRIKES 
THE CONTACT IIT THE OTHER END OF THE VISCOMETER THE ELECTRICCIL DISTURBANCE PRODUCED I S  
Q N R ( v Y  (WPLIFIED 0 TURNS T M  TIPIER OFF. 
M I  IIVUWGED. THE VISCaETER WAS CALIBRATED AT EACH OF Two CINGLES USING DISTILLED 
MTER AT SEVERAL TEWERATURES. 
OBTAIN NEW CCVIBRCITION CWWES. t p VERSUS u WERE PLOTTED TO OBTAIN CRLIBRATION. 
TIMES WERE HEASURED TO l / l M T H  OF A SECOND 
M S E  RESULTS WERE USED MONO WITH PREVIOUS RESULTS' TO 
t = ROLL T I E ,  (SEOMIDS) 
p - ENSITY DIFFERfIHCE BETWEEN BALL AND RESERVOIR FLUID, (gm. / m l .  ) 
u = VISCOSITY, (#INTIPOISE) 
THE VISCOHETER WAS CMROED UITH RESBRWIR FLUID AND RUN AT 29e'F AT 1088 LB. INTERVALS. 
THE VISCOSITIES HAD A ~ B C I B L E  ERROR OF 8.81 CENTIPOISE. 
NOTE: (UI DATh FOR PRESSURES OREAKR THAN 31,888 PSI ERE OBTCIINED BY EXTRAPOLATION. 
18224 OF APRIL im). WE BELIEVE TMT THIS IS DUE TO A FILM BUILDUP IN THE 
THE VISCOSITY DATA WE ABOUT Q.l CENTIPOISE LWER THAN TtIE PREVIOUS REPORT (N1981- 
484 S.S. BCIRREL S T I E  ou) E.L.I. VISCOKTER. THIS FILM DID NOT FORtl IN THE 
316 S.S. BARREL OF THE RUSKA VISCOMETER. 
LAB. No. N2186-le457 P A c i E 3 o F 2 5  
C l X l p J Y  
WELL 
FIELD 
PCIRISH CIND STATE 
FIELD IMTA FOR WTHERLY LABORATORY INVESTIGATION 
FORWITION W 
W I D  N(ytE cw) DESIGNATION 
DATE CYMPLETED 
ORIGINAL RESmVOIh PRESSURE 
ELL RECORD 
TECHNCIDRIL-FENIX L SCISSON, INC. 
#WS)ICCALLNO. 1 
EAST CRAB LME 
c(yIERoN, LoUISIc\NA 
FIELD CHCIRtXTERISTICS 
8 
WEU. WCICTERISTICS 
ORIGINAL P R O W I D  GAS-LIQUID RATIO 
PERFORAT I ONS 
ELEWTIOFIS 
TOTAL DEPTH 
LAST RESERVOIR PRESSURE 
RESERVOIR TEJERATURE 
12,783 PSIA 
298 DEGREES F 
s(ypLINQ CONDITIONS 
M T E  S(YBLED 1 e-8-83 
TUBING FTESSURE, FLOWING 12,474 B I G  
P R I W Y  SEPARATOR TEMPERATURE (PETER RWIO 97 DEGREES F, (SEP. 1 2C8'F 
PRIMARY SEPCYZAT@4 PRESSURE 588 B I G  7 
P R I M Y  SEPARATOR CiAS RATE (W GAS) 349,758 SCF/WY 
W-LIQUID RATIO (SEPARATOR) =.el SCF/BBL.SEP.UATEH 
SHRINKAGE FKTOR (VOCaSaTaWCITER 4 48'F/VOLaSEPaWTER) 
SEPARATOR LIQUID RATE 13,987 BBLS. /DAY * 
e, 9437 
OAS-LIQOID RATIO (STOCK TC\WO 24.58 SCF/BBL.S.T.WATEk 
PRESSURE BASE 1 s . e ~  PSIA e 40 DEGREES F 
NOTE: FOR DRY GAS, 24.95 =/BEL. SEP. WATER B SEP. CONDITIONS. 
26.44 SCF/BBL. S.T. WTER B 60'F. 
PACE 4 OF 25 
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\/b P f  = 187.5735 
TEMNADRIL-FENIX s( SCISSON, INC. 
GLADYS HCWLL WELL No. 1, SAND 8 
EAST CRAB LAKE FIELD 
CkWLCITION OF OAS RATE, 18-8-83 TEST 
(Factors from OF'S4 Engineering Data Book) 
Hu 
= 113.9873 D 
e. 9884 - 
= 1.8884 b 
1.8883 k / P f  - 
r 1.2116 Grivi t y  
D e. w 2  Temp. 
5 1. e348 pTr' 
Z 
Epsilon 
= 22.47 'Hzo , 
2.626 ' 9 
19.625 p r i o  
8.8479 
e. e42 t 
8.4812 t 
97 degrees F , 
1.547 I 
e. 9339 t 
12.5 
Pf  = 515 psia 
d =  0.750 " 
d/D = 8.286 
pPr' = 8.751 
----- 
\/Hw P f  x Fb x Fpb x Fr x Y2 x Fg x F t f  x Fpv x 24 
Q =  349,758 SCF/dag e 15.825 PSIA e be Degrees F (WET) 
LAB NO. W186-18457 PAGE 5 OF 25 
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TECHNCIDRIL-FENIX & SCISSON, INC. 
GLADYS HCCALL E L L  NO. 1, SAND 8 
EAST CRAB LCIKE FIELD 
Reservoir Temperature, Degrees F 
Saturation Pressure at 299 hgreer, Psia 
Coapressibility o f  Reservoir Oil at 290 Degrees F 
Vol. per Vol. per Psi x 10 6 
From 9288 Psia to lee60 Pcia 
From 10W9 Pria to 11880 Psia 
From 11888 Psia to 12783 Pria 
Saturated Oil et 9280 Psie, 290 Degrees F 
Density, Gns. per M1. 
Lbs. per Bbl. 
Specific Volume, Cu.Ft. per Lb. 
Viscosity, Centipoise 
Formation Volume Factor, Bbls. per Bbl. 
'Equivalent Stock Tank Oil' at 40 Degrees F 
"Equivalent Stock Tank Oil' at &0 Degrees F 
1.0575 * , 
30.19 * a 
Solution Gas-Oil Ratio, Cu.Ft. per Bbl. 38.38 * , 
Reservoir Oil at 12783 Pria 299 Degrees F 
Density, Gras. per til. 
Lbs. per Bbl. 
Specfic Volume, Cu.Ft. per Lb. 
Viscosity, Centipoise 
Formation Volume Factor, Bbl. per Bbl. 
'Equivalent Stock Tank Oil' at be Degrees F 1.0468 * , 
NOTE: REFERENCES TO 'OIL' 6BOVE SHWLD REhD 'WATER'. 
* BRED ON SEPhRATOR WTER FLASH. 
230 
9200 
3. e0 
2.81 
2-76 
1. e1221 
354.78 
e.015825 
0.277 
1. e m  
33.51 WET 
31.60 I M Y  
1.02255 
0.015665 
0.310 
358.40 
1.0426 
* 
I 
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TECHNADRIL-FENIX & SCISSW, INC. 
GLADYS MCCALL WELL NO. 1, SAND 8 
EAST CRAB LAKE FIELD 
12783 RES. 0.9838 0.915643 
1 lee8 8.9879 8.915721 
18888 e. we7 0.815766 
8888 8.9963 0.915855 
9em 0. 9935 0. e 1 58 1 1 
7888 0.9993 8 .  e15903 
1. e444 
1.8496 
1.0526 
1. ex% 
1.0586 
1. a l l 3  
24.98 25.87 
24.98 25.87 
24.98 25.07 
24.98 25.87 
24.90 25.87 
24.90 25.87 
I 
a 1  
Me9 
5888 
4888 
3880 
2884 
1098 
71 
1.8888 
1.8827 
1.8868 
1.8112 
1.0331 
4.4075 
1 . e ~  
;.e768 
8.015927 
e . e m s 7  
e. 816822 
e. m 3 9 2  
0.016218 
0.016441 
0.817136 
8.070141 
NCMENCLATURE: 
V/VSAT. IS THE w#UPIE 
99.99 
99.94 
99.83 
99.68 
99.20 
98-13 
94.42 
23.13 
OF FLUIDS (OIL W GAS) AT THE INDICATED 
TE)IPERCITWK CIND PRESSURE RELATIVE TO THE WKUm OF SCITWTED 
OIL AT BUBBLE-POINT PRESSUK AND INDICATED TEWERATURE. 
Bo I S  THE VOLUHE CF OIL AT RESERVOIR TEHPERATURE M I  INDICFLTED 
PESSURE RELATIVE TO THE VOcUtlE OF EQUIVALENT STOCK TANK OIL 
E A S U R € D  AT 60 DEOREES F. 
OAS-OIL RATIO, I S  CUBIC FEET CIF G4S AT 15.82!5 PSIA ClMl 68 
DEGREES F, PER BARREL OF STOCK TCINK OIL AT &0 OEGREES F. 
NOTE: ** BASED ON SEPARATOR WTER FLASH. 
REF. TO 'OIL' ABOVE SHOULD READ WATER'. 
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TEWNCIDRIL-FENIX S SCISSON, INC. 
GLADYS tlCCALL WELL NO. 1 ,  SAND 8 
EAST CRAB LAKE FIELD 
5785 B.P. 1.8000 0.015949 100.88 1.0642 22.78 22.95 
5522 
5008 
6813 
3wl 
2888 
1 W  
500 
159 
1.8818 
1.0936 
1.8881 
1.0148 
1.0272 
1.8667 
1.1582 
1.7489 
0.815965 
0.016886 
0.016078 
0,016185 
8.816383 
0.018472 
6.827893 
e.ei7ei3 
99.98 
99.87 
99.78 
99.33 
98.41 
95.04 
87.65 
58.11 
I " U A T U R E :  
V/VSCIT. I S  THE VCLW OF FLUIDS (OIL AND GAS) AT THE IMICATED 
TWERATURE AND PRESSURE RELATIVE TO THE VOLUHE OF SCITURClTED 
OIL AT BUBBLE-POINT PRESSURE AND INDICATED TEIPERATURE. 
Bo I S  THE VOLUWE (F OIL AT RESERVOIR TEWERATURE AND INDICATED 
Pf?E!SWE RELClTIVE TO THE VOLUME OF EQUIVALENT STOCK TAM( OIL 
EASURED AT 68 DEGREES F. 
GAS-OIL RATIO, IS CUBIC FEET OF GAS AT 15.025 
DEGREES F, PER BARREL OF STOCK T M  OIL AT 68 DEGREES F. 
PSIA AND 60 
NOTE: ** BASED ON SEPMTOR WATER FLASH. 
REF. TO 'OIL' ABOVE SHOULD READ 'WTER'. 
LAB. NO. N21@6-18457 
TECWDR I L-FEN I X s( SC I SSON , I NL . 
GLADYS MCCALL WELL NO. 1, SAND 8 
EAST CRAB LAKE FIELD 
4558 B.P. 1.WW 8.815986 188. 88 i . e 6 a  19.61 19.77 
1.8862 
1.8822 
1.8846 
1.8188 
1.0526 
1.1318 
1.4685 
1. @e80 
BUBBLE 
99.93 
99.84 
99.64 
98.86 
95.95 
89.34 
69.31 
NOMENCLATURE: 
VIVSAT. IS THE VOLUPE OF FLUIDS (OIL AND GAS) AT T M  IWICATED 
TEMPERATURE AND PRESSURE RELATIVE TO THE W#llHE OF SATURATED 
OIL AT BUBBLE-POINT PRESSURE WD INDICATED TEMPERATURE. 
Bo I S  THE VOLUME OF OIL AT RESERVOIR TEHPERfiTURE AND INDICATED 
PRESSURE RELATIVE TO THE VOLUME OF EQUIVALENT STOCK TAW O I L  
MEASURED AT 68 DEGREES F. 
MS-OIL RATIO, I S  WBIC FEET OF GAS AT 15.825 
DEGREES F, PER M R E L  OF STOCK TANK OIL AT 68 DEGREES F. 
PSIA AND 68 
NOTE: H BASED ON SEPARATOR WATER FLASH. 
REF. TO 'OIL' ABOVE SHOULD READ 'WATER'. 
. 
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I 
TECHNAIIRIL-FENIX t SCISSON, INC. 
UADYS KCALL WELL NU. 1, SAND 3 
EAST CRAB LIME FIELD 
12783 RES. 
11888 
1WW 
9880 
7886 
be08 
5988 
4 m  
wee 
we 
e. 9721 
e. 9769 
e. 9853 
e. mi 
e. ww 
e. w a  
e. w67 
0. 9797 
8.9825 
0.9996 
~~ ~ ~ 
1. e397 
1.8440 
1.8478 
1.85(68 
1.9538 
1.8S68 
1.8598 
1.0629 
1.0660 
1.8691 
14.32, 
14.32 
14.32 
14.32 
14.32 
14.32 
14.32 
14.32 
14.32 
14.32 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
2855 B.P. 1.8880 8. ei604e 108. 88 1. e m  14.32 14.48 
2588 1 . W Z  0.0 16875 99.89 
2888 1.6068 8.0161 49 99.58 
lee8 1.0310 8.916537 97.53 
228 1.2608 0. 028223 79.93 
580 1.8862 e.817432 92.76 
" C l A T U R E :  
V/VSAT. IS THE WU4E OF FLUIDS (OIL GAS) AT THE INDICATED 
TUMRATURE #ID PRESSURE RELATIVE TO THE VOLUME OF SATURATED 
OIL AT BUBBLE-WINT PRESSURE W D  INDICATED TEMPERCITUHE. 
Bo IS THE V O L M  CT OIL AT RESERVOIR TEMPERATURE CIND INDICATED 
PRESSURE RELATIVE TO THE VOLUME OF EQUIVALENT STOCK TANK OIL 
WECISURED AT 68 IEGREES F. 
MS-OIL  RATIO, IS CUBIC FEET CF GCIS AT 15.025 PSIA AND 68 
DEGREES F, PER BARREL OF STOCK TANK orL AT 66 DEGREES F. 
NOTE: ++ BASED ON SEPARATOR WTER FLAW. 
REF. TO 'OIL' A B W E  SHOULD READ 'WATER'. 
LAB. NO. NZlM-18457 PAGE 10 OF 25 
TECHNADRIL-FENIX & SCISSON, INC. 
GLADYS PtCCALL WELL NO. 1, SAND 8 
EAST CRAB LAKE FIELD 
988@ 
8588 
7588 
7888 
wee 
5880 
4600 
3000 
2888 
588 
25@ 
185 
15 
1 !5* 
iwe 
1. me7 
I .  8842 
i.eiis 
1. e389 
1.8023 
1.0058 
1.0878 
1 .e168 
1.8219 
1.8483 
1.1822 
1.2238 
1.5178 
2.7888 
NOMENCLATURE8 
0.815836 
e. 015891 
e. 015948 
~.ei6887 
e. e1 6878 
e. e1631 4 
e. eitcm 
e. e1 7442 
cb. e24819 
8.015861 
8.015917 
8.016172 
8.019367 
0.042367 
99.99 
99.97 
99.94 
99.98 
99.86 
w.79 
W.44 
99.35 
98.76 
97.41 
92.91 
83.8@ 
67.61 
37.90 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0.275 
cb. 267 
0.268 
1.0613 0.254 
0.249 
1.8455 8.249 
0.252 
1.8492 8.257 
8.242 
8.263 
1.0880 
V/VS(IT. IS THE w#wIE OF FLUIDS (OIL AND OCIS) AT THE INDICATED 
TEWERATURE CIND PRESSURE RELATIVE TO THE WLUHE OF SATURATED 
OIL AT BUBBLE-POINT PRESSURE CIND INDICATED TEMPERATURE. 
Bo IS THE VOLWE OF O I L  AT RESERVOIR TEMPERATURE AND INDICATED 
PRESSURE RELATIVE TO THE w#W OF EQUIVALENT STOCK TAW OIL 
MSURED AT 6@ DEOREES F. 
27.53 29.36 
22. Et9 24.60 
15.80 17.23 
0.88 0. @e 
GAS-OIL RATIO, IS CUBIC FEET O f  GAS AT 15.025 
DEGR€ES F, PER BCIRREL OF STOCK TANK O I L  AT 68 DEGREES F. 
PSIA AND 6@ 
NOTE: * INDICATES VALUE HEASIRED @ 68’F 
** Bc\sED ON SEPARATOR WAlER FLASH 
ALSO BASED ON SEP. UATER FLASH: SOLUTION GAS I N  RES. FLD. IS 
38.19 SCF DRY GASIBBL. S.T. WATER @ t@’F 
34.38 SCF WET GCIS/BBL. S.T. WATER C 68’F 
REF. TO “OIL” ABOVE SHOULD READ “WATER” 
LAB. NO. N2186-18451 PAGE 1 1  OF 2‘ 
TECHNAUR I L-FEN I X s( SC I SSUN , I NC . 
OLADYS HCCALL WELL NU. 1, SAND 8 
EAST CRAB LAKE FIELD 
GAS-WATER RATIO 
(SCF SEP. OCIS @ 15.625 PSI4 7 M ’ F )  
BUBBLE FQINT 
(BEL. SEP. WTER B ‘J@@ PSIG Sr 268) 
.* 31.9 EXTRAPOLCITED 
25.01 (PRODUCED) 
20. ea 
18.88 
15.m 
le. e0 
. 
12783 RES. PRESSURE 
9200 
6738 
5785 
4558 
2855 
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TECHNADRIL-FENIX L SC’ISSON, INC. 
GLADYS MCCCKL WELL NO. 1, SAND 8 
ECIST CRAB LAKE FIELD 
SOLUTION GAS-WATER RATIO, DRY = 3.75 
, WET = 3.88 SCF OAS 15.825 PSIA & 60’F 
----------I--------- 
BBL. WATER @ @ PSIG & 68 ’F 
SHRINKIIGE = 8.9437 WK. S.T. WTER @ 69’F 
--------I__-------------- 
VOL. SEP. H20 @ 588 BIG & 26WF 
STOCK TANK WTER ENSITY = 1.06% Gn/Wl. @ 68’F 
GAS GRAVITY , DRY = 8.9729 (SEE ANALYSIS ON PAGE 15) 
, WET = 0.9590 
P R O W E D  OCTOBER 8, 1983: 
BBL. STOCK TANK WATER @ 6B’F \+I,? 
PAGE 13 OF 25 
MTER 
mB0N UIOXIDE 
NITROGEN 
HETHANE 
ETHANE 
m a =  
I SO-BUTANE 
N-BUTANE 
I SO-PENTANE 
N-PENTANE 
HEXANES 
HEPTANES PLUS 
TOTAL 
TECHNADRIL-FENIX & SCISSON, INC. 
EAST CRAB LAKE FIELD 
a m y 8  ~ C C A L L  ELL NO. 1, SAND 8 
SEP(IRcIT0R OAS SCWPLED: 
CETOBER8, 1983e 
SW RIG I 9 7 ' F  
m T O O R C I P H I C  M Y S I S  
DRY WET 
mKE 7. .......................... 
8.22 .64 
18.63 18.61 
0.25 8.25 
85.96 85.77 
2.34 2.33 
8.52 0.52 
8.09 8.6V 
8.07 8.07 
e. 02 0.82 
8.01 0.81 
e. WI 8.80 
0.11 0.11 --- ------ 
100.w 1W.68 
. 
GRAVITY ( A I R  - 1.68) 8.6813 0.6812 
NOTE: WTER VAPOR MEASURED ON SITE,  CIMRAGE 9 RUNS. 
PAGE 14 OF 25 
. 
WATER 
ClYiBoN DIOXIDE 
N I T R W N  
=THANE 
ETHANE 
PROPANE 
ISO-BUTcIF1E 
N-BUTANE 
ISO-PENTANE 
N-PENTANE 
HEXANES 
HEPTANES PLUS 
TOTAL 
GRAVITY (AIR = 1.88) 
LAB. NO. N21M-10457 
TECHNADRIL-FENIX & SCISON, INC. ' 
GLADYS rlccAcL WELL NO. 1, SAND 8 
EAST CRAB LAKE FIELD 
CHRUMTOQRWHIC W Y S I S  
39.89 
57.73 
1.39 
e. 19 
e. 82 
e. e2 
8.88 
e. 88 
0.88 
e. 76 
0.9729 
3.24 
38.68 
55.815 
1.34 
0.18 
6.02 
0.02 
0.00 
0.00 
0.00 
0.74 
180.80 
e. 9598 
PAGE 15 OF 24 
* 
UATER 
CARBON DIOXIDE 
NITROGEN 
METHANE 
ETHANE 
PROPANE 
ISO-BUTCINE 
H-BUT#€ 
ISO-PENTANE 
HEXANES 
TOTAL 
GFMVITY ( A I R  = 1.Q9) 
TECWADRIL-FENIX L SC‘ISSON, INC. 
GLADYS MCCML WELL NO. 1,  SAND 8 
EAST CRAB LAKE FIELD 
CHRCWTOORAPHIC ClwLYSIS 
4.28 
---- 
89.83 
4.34 
1.53 
0.22 
8.18 
8.08 
e. e4 
0.88 
9.38 
188.88 
0.6513 
GAS #VIATION FACTOR (Z) = 1.109 @ 6890 P S I A  d 290’F 
@ 6888 R I A  s( 298’F BBtS. GAS I N  FES./#1SCF (Bg) = 713 
1.86 
4.12 
87.37 
4.26 
1.56 
0.22 
0.13 
0. 08 
e. 84 
0.08 
8.37 
188.88 
8.6507 
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WCITEf? 
CARBON DIOXIDE 
NITROGEN 
HETHANE 
ETHCINE 
PROPANE 
I SO-BUTCINE 
N-BUTANE 
I SO-PENTANE 
N-PENTANE 
HEXANES 
HEPTANES PLUS 
GRAVITY (AIR = 1.80) 
GAS DEVIATION FACTClR (2 )  = 
TECHNADRIL-FENIX 81 SCISSON, INC. 
GLADYS MCCCILL E L L  NO. 1, SAND 8 
EAST CRAB LAKE FIELD 
SOLUTICN oc\S FRon 
4me R I A  s(wIpLE - 
DIFFERENITCY LIBERATION 
(C(YCLLATED NIfROOEN FREE) 
CMCtlATOGRAPHIC M Y S I S  
DRY E T  
HOLE 7. 
2.53 
3.10 3.02 
---- ---- 
91.74 89.42 
3.50 
8.99 
0.19 
0.13 
8.84 
8. 82 
0.60 
8.29 ----- 
3.41 
0.96 
8.19 
0.13 
8.84 
8.82 
e. e8 
0.28 
I---- 
8.6268 0.6255' 
8.997 @ 4888 PSIA Sr 298'F 
BBLS. GAS I N  RES./WISCF (Bg) = 962 @ 4860 PSIA & 290'F 
LAB. NO. ~2186-18457 PAGE 17 OF 25 
WTER 
ClyiBON DIOXIDE 
N I TRaGEN 
ETHANE 
ETHCYJE 
PROPANE 
ISO-BUTANE 
N-PUTWE 
ISO-PENTANE 
N-PENTANE 
HEXCINES 
HEPTWES PLUS -------- 
TOTAL 
TECHNADRIL-FENIX L SCISSIIN, INC. 
GLCIDYS MCCALL WELL NO. 1, SAND 8 
EAST CRAB LAKE FIELD * 
CHROlYITOORAPHIC CWCKYSIS 
3.87 
---- 
92.34 
2.75 
8.63 
0. le 
8.88 
0.82 
8.01 
0.08 
6.28 ----- 
1w.w 
GRAVITY (AIR = 1.86) e. 6206 
GAS DEVIATION FACTOR (2 )  = 8.947 @ 2W88 PSICI s( 270’F 
@ 2888 PSI4 81 2Y0’F BBLS. GAS IN RES./WlSCF (Bg) = 1828 
3.75 
3.72 
---- 
81.87 
3.65 
8.61 
0.18 
8.08 
8. 02 
e. 81 
8.80 
0.19 ------ 
108.08 
8.6287 
LAB. NO. N210&-10457 PAGE 15 OF 15 
TECHNADRIL-FENIX 8 SCISSON, IN. 
U A D Y S  MCCALL WELL NO. I ,  SAND 8 
EIIST CRAB LAKE FIELD 
SauTI0)II o(Is m 
15 PSIA WPLE - 
DIFFERENIT& LIBERhTION 
(CIyCuA'lED NITROGEN FREE) 
CkRW4TOGWWIC CWACYSIS 
DRY WET 
M O L E I .  
WTER 8.32 
22.73 CClRBON DIOXIDE 
N I  TROGEN 
HETHANE 
E T " E  
PROPANE 
ISO-BUTANE 
N-BUTANE 
ISO-PENTANE 
N-PENTANE 
HEXANES 
EP'ICUVEC; PLUS 
-I__)- 
24.7V 
73.93 
1.06 
67.78 
8. 97 
8.11 8.16 
e. e0 8.09 
8.00 0 . M  
8.08 cb. 88 
8.00 0.88 
8.08 0.86 
8. 1 1  
I_- 
@. 18 
I-- * 
TOTAL 100.88 188.00 
BBLS. CiCIS I N  RES./"SCF (Bg) = 256,893 Q 15.825 RIA t ~ W F  
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0 5 10 15 20 2'5 30 35 
Lab. No. N2106-10457 
SCF Sep, Gas @ 15.025 psia  & 600F 
Wi. Sep.  Water C! 3 00 Peig  €x 2 6 m  Page 20 of 25 
8 
. 
,000 
of 21 
I 
U Pressure, PSIA Page 22 of ab. NO. N2106-10457 
35 
30 
25 
20 
15 
10 
5 
0 
io0 
25 
I 
* 
1, 
, 
8 1. 
U u 
Ld cr 
t! 
$1. 
3 
G 
0 
.r( 
U 
6 I. 
c4 
1. 
05 
0 
. 
Lab. No. N2106-10457 
Pressure, PSIA 
35 
30 
25 
20  
15 
10 
5 
0 
.OOl 
Page * 23 of 2 5  
0 2000 4000 6000 aooo 
Pressure, PSIA 
Lab. NO. N2016-10457 
10000 12000 14000 
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0 .  
0 .  
3 
3 
30. 
0 .  
0. 
0, . 
0 2000 4000 
Lab. No. N2106-10457 
6000 8000 10000 
Pressure, PSIA 
12000 14000 
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APPENDIX D 
Gas Analysis by Sample locat ion 

I 
I. 
L" 
In 
x
 
:c 
C
t
 
.- ... 
TdIS 15 ChOiCE 2.  
T H i S  BRS CARE TYROUGH SS TiiBINE CONNECTED TO TIE HORiiONTRL RUh PETYEEN T d i  FlRSi ST46E SE~Ai t f iTLR RkD i H i  CCOLE? AT THE GLACYS tcCR-L. 
1 1-17 17 Der 1965 17:lO 91 1019 .6549 9b7 1 7.88 - 2 5  ea.66 2.42 .;s .09 . O i  .oi .OZ . t i  100.00 ~ O L Z  
1 18-25 .660 .I54 .030 ,022 .004 ,007 .646 .924 6PN' 
2 1-17 18 Dec 1985 09 :30  90 1018 .6550 Pbb i 6.00 . i 7  ~ g . 5 9  2.43  .54 .(19 .07 .oz . a i  .oa icij.oo BoLz 
z 18-25 .663 I 1 2  .030 .022 .OC7 .004 ,034 .911 W E a  
3 1-17 15 Jan 19Bb 07:OO 225 1015 .6558 768 ! 7 . 6 b  .3 i  s . 4 7  2.44 .61 .09 .OB .02 .01 , I1  100.00 NOLZ 
3 18-25 .6b5 . I71 .OS0 ,026 .007 ,004 ,046 ,449 6PN" 
4 1-17 7 ieb 1366 2 : : ! 5  208 516 .6642 951 i 4.1! .26 67.66 2.23 .47 .(.7 .5b - 0 2  .O! .OF 110.06 NOL? 
4 18-25 . b0@ . I 3 2  .OX .019 .037 .004 . E 8  .E51 WH' 
5 1-!7 7 Feb 19Bb z~: !s  228 5ia A t 5 0  952 1 ?.14 .26 87.66 2.24 .49 .C7 .06 .01 .02 , I 1  1CC.OJ NJLZ 
5 16-25 . b l l  . I 3 8  . E 3  .U19 ,004 ,607  .0'b ,848 jPR' 
b 1-17 8 Feb lY6b 06:45 266 1024 .6500 972 1 7.39 .2; E9.16 2.38 .53 . O a  .07 . 02  .41 .13 106.iO HGLZ 
6 16-25 .649 .14? ,027 .L?2 ,001 .064 .(I55 ,912 EPI" 
7 1-17 6 Feb 196b 1 2 4 4  280 IC21 .6547 970 1 7.79 - 2 5  BE.69 2.41 .54 .03 .OB .02 0.03 .15 i00.00 RGLT 
7 16-25 . 657 . 152 . i . ~  .62b .03? 0.o3o .fit3 .E; 6~ 
8 1-17 10 Fet 198b 13:lO 294 liii5 . t 5?b  C68 1 7.X .?! 66.84 2.39 .52 .09 .07 -02 .a2 .bE !GG.OO HDLZ 
8 29-25 ,652 .!49 .050 ,622  ,007 .007 .034 .301 6PN' 
9 1-17 !? i e b  i9Bb 15:05 247 1520 .c554 968 1 7.63 .25 86.59 L.42 .53 - 0 9  .38 .O? .01 .!3 13C.00 MLT 
.cbO ,149 ,035 .C!b .i!O7 .U04 , 0 5 5  .53C 6PR' 9 i6-25 
* T!ki 0: 1 2 : N  L f i j  ENiE3ED IF CCRREZ? T I E  YRS WOT KBOYh. [3I!i:E_YSP,Sl 
DRY ERS RT 14.7: PSI4 RRD 66 DE6 F. (HSTH D 3388-771. 6Pfl's RRE FOR 6AS A T  15.C25 ? S I B .  
LAE ! iS ikSTIiilTE G i  6 8  i E M 4 3 i O E Y :  LAB 2 IC UEATHERLI Lk80?&TDRiES, I E C . ;  LRE 3 IS  PE?Rk.IUfi  Ah'lii'lST IRZ, 
THIS IS CHOICE 4. 
iHlS 6 6  CARE FRO! EITHER THE DRR6EK SAltPLINS POINT OF. THE IlETEk RUN AFiEa ThE COOLER AT T H E  6LCL2YS NcCR?? YELL. 
RECORO NURBERS DRiE TIHE' TEW, PRESS, BRAVITY2 6FOSS HEATING2 LRBJ EO2 N2 Cl CZ Z3 IC4 nC4 1 3  nC5 Cc+ TilTAL 
1 1-17 8 Dct 1983 12:OO 47 566 .6809 
1 18-25 
2 1-17 28 Oct 1983 12:OO 275 5!5 .7136 
2 18-25 
3 1-17 14 Jan !?E4 12:OO 227 769 .e728 
3 :8-?5 
k 1-17 18 ;an IS84 14:00 100 765 .e560 
4 16-25 
5 1-17 24 Jan 1984 12:OO 110 1015 ,6589 
5 3 - 2 5  
6 1-17 26 Jan 1964 12:uO 100 1021 .6559 
b 16-25 
7 1-17 27 Jar, 1484 12:uO 245 1Q16 .0561 
7 iE-2'. 
8 1-17 7 Feb 19E4 12:OO BE 1015 .E561 
8 18-23 
P 1-17 9 ieb 1985 l2:LO 93 1015 . 6 5 3  
9 16-25 
10 1-17 29 Feb 1984 11:OO e8 3 4  .7021 
10 18-23 
I1 1-17 3 tlar 1984 10:OO 92 419 .6911 
11 18-25 
12 !-17 i Jun 1984 1::OO 102 1005 . 3 9 5  
12 18-25 
VALUE, 8 T W F  NO. ----- _ 
936 
991 
Ph5 
1012 
973 
97b 
979 
97 1 
979 
918 
730 
i67 
2 16.63 -25  65-96 2.54 .52 -09 .67 .02 -01 . l I  100.bO MOL% 
.638 .146 .030 ,022 ,007 ,004 .046 ,894 6FWa 
2 10.31 .24  84.25 2.31 .51 -09  .08 .32 .01 1.56 lOG.O(t YOLZ 
.630 ,143 ,030 ,026 .007 .004 .ab3 1.502 6PI' 
2 9.0P .25 87.14 2.41 .55 -11 .O8 .C? .01 .35 100.00 RDLI 
,657 ,154 ,033 ,026 ,007 .004 . !47 1.026 6Pl' 
2 6.60 , 2b  88.76 2.44 . 5 5  .IO .O6 -0; .02 -96 100.00 RCLZ 
.665 .154 ,633 ,C?t .011 .C67 ,433 1.300 6ffia 
2 7.81 - 2 2  88.52 2.48 .57 .lit .I9 .93 .01 .13 !0~3.60 POL: 
,676 .I60 .a33 .02? A11 I 004 .OS5 .96R 6 ? P  
2 7.83 .?7 88.51 2.47 .56 .IO .08 .02 .01 .15 10C.Oh ROLZ 
.67; .lS7 ,013 . $26 .GO? ,004 .<I63 .4b4 6 P R  
2 7.77 .26  88.54 2 . 4 7  .56 .IO .08 .02 .01 .!i 100.00 FOLZ 
.673 ,157 .035 .026 ,007 .OOL ,071 ,972 6Pk' 
2 i . 2 9  .27 C8.95 2.48 .57 .15 .03 .02 .62 -22 i3(!.00 n X  
.676 .lCO ,033  , 026  ..I07 .OC7 .O?; 1.002 6?P 
2 ;2.74 .24 E . 9 2  Z.25 .49 .06 .37 .C; .:;! .!E 10J.06 C X  
.6i3 , ;3 . E 7  .022 .:IG; .004 .0?5 .8E7 6PW" 
2 11.61 .24 85.93 2.27 .3 .Oi .C7 .02 .C1 .17 i0i .00 K i L %  
, 6 ! 9  , :40 ,027 .02: .OO: .t04 .:[?I . € P I  6:F 
. b 
T i l 5  I S  ChOICE 4.  
TH!S 6kS CAME FRGN EiTiiEk THE D R C X R  SRNPLiYE POINT CR T G  METER Ril l4 AFTER THE :RULER A i  T b i  6LIGY5 k : A L  YE-L. 
RECORO YJllBiR5 DLTE TlMEl iEkP,  FPESS, G H P V I W  6 T C 5  hibTiN62 LkBJ C32 E12 Ci C2 C3 13 nC4 iC5 nC5 C6+ TOT4L 
13 1-17 ?9 iun 1'484 ii:GO 78 545 ,6532 
13 I@-25 
14 1-17 4 Jun i ~ a 4  i m o  LX 957 . m 5  
14 i8-25 
16 1-17 2C Jui 19E4 1?:00 95 1015 .tEl 
16 16-25 
17 1-17 22 h i  1004 12:OO 101 995 .67iO 
!7 18-25 
18 1-17 24 iui 1984 1z:oo 94 i j i a  .m 
19 1-17 2h J U I  1984 E:OO a2 io?o .m 
18 IE-25 
19 18-25 
VALUE, B W C F  NJ. 
T H I S  i E  CHOICE 4. 
THIS 6RS CRIlE FkOM EITHER THE DRAGER SRHPLIWC PJINT OR THE W E R  RUN AFTEk THE CDJLEK P.T 7% GLkD’fS hciALL HELL. 
RECORD NUWRS DATE T I R E S  T E W ,  PEES$, 5kllVITv2 GRCISS H E 4 T I W  LAB3 i02 112 Cl C; i3 IC) nC4 IC5 nC5 C6t TOTRL 
NO. --- 
25 
25 
26 
26 
27 
27 
28 
28 
29 
29 
30 
30 
31 
;I 
32 
;2 
33 
55 
34 
3 
35 
35 
36 
;a 
IN RECORD ----- 
1-17 
19-25 
1-17 
18-25 
1-17 
16-25 
1-17 
18-25 
1-17 
16-25 
1-17 
16-25 
1-17 
16-25 
1-17 
18-25 
1-17 
lfi-25 
!-I7 
16-25 
1-17 
le-25 
1-17 
1E-25 
F 
=====:===== 51=== === 
15 Jan 1966 06:00 68 
9 ieb !9B6 14:50 285 
9 Feb 1986 19:21 26: 
10 Feb 1986 13:18 233 
I 2  Fet 1586 11:IO 295 
1P Feb 1937 16:50 90 
13 PDr 1987 1230 95 
15 Ap- 1967 17:lO 83 
1; Rnr 1967 :8:20 79 
14 nar 1987 07:25 80 
14 Rpr IW7 14:50 V1 
14 Apr 1987 2 2 0 0  85 
AIR4 ----_ __--- 
.Ed1 
,6530 
. b545 
,6563 
.6556 
. b5i9 
.6564 
.6B25 
.6E30 
.6E12 
. hi47  
.A826 
VRLUE, BTUlCF ----- 
97 I 
970 
$71 
?72 
968 
966 
962 
930 
530 
355 
931 
432 
I 7.42 -27 69.Gl 2.41 
.657 
! 7.70 .Zl 86.84 2.49 
.654 
1 i . 7 3  .3  88.7b 2.42 . 660 
1 7.60 .23 62.52 2.47 
.673 
1 7.88 .26 83.55 2.43 
,663 
1 7 . 9 !  .25 68.57 2.40 
.654 
1 E.17 .25 Et8.36 2.44 
.665 
1 11.06 .23 85.75 2.26 
,016 
1 11.11 .i3 E L 6 5  2.23 
.622 
1 !ii.87 .22 35.95 i.23 
.boa 
1 11.17 .2: 85.55 L.3b . 
1 il.Cl .25 E5.75 2.27 
. 0 ! 9  
___-- -_--  
.55 
,154 
.54 
.I52 
.57 
.1hO 
.66 
.1b8 
.55 
.I54 
.53 
.149 
.54 
.15; 
. 4 8  
.1:5 
.43  
,135 
.17 
. I 3 2  
.45 
.1;B 
-48 
.1: 
----- 
.b9 
.030 
.IO 
.OD 
. l@ 
. O S  
. l I  
,337 
.09 
.(I30 
.06 
,327 
. oa 
.027 
,117 
,023  
.07 
. E 3  
-07 
.i,23 
.07  
.023 
.07 
.(iz1\ 
-----  __-__- 
.10 160.06 MLX 
.042 .913 6PH’ 
. I 3  100.00 W L X  
.OS5 .919 6PV 
. : 5  i0o.00 n x z  
.0t3 .945 6PH2 
. I 3  100.00 kOLL 
.055 .981 6 ? f  
.!3 1oo.00 nw 
.os5 .93a G P H ~  
.I5 100.50 KOLZ 
.Ob3 .930 6Pn’ 
.06 205.00 dDLY 
,025 ,902 6PR’ 
.Ob 100.00 !!EL% 
.E25 . 6 3 l  EPM’ 
.07 139.0‘J KGLI 
,029 . e x  SPH-’ 
.OB 100.30 WLX 
.OS4 .634 SFH2 
.05 ldO.00 KGLL 
,038 .85F 6 P V  
-67 100.06 W L Z  
.02? .E40 i.PV 
L1 . e 
* 
TliIS IS CHGICE 5. 
THIS 865 LlR5 RELEASED YhEh ThE PGESSUSE Oh 6LADf6 RrCALL ;IKST STAGE SEPARATOR K I N E  WR5 PELCCED TO ONE GTPw+ERE. 
RECORD NilHBERS D F i E  TIHE' TiflP, PRESS, G H A V i T t "  GF.0SS HEATILS' LABa CGZ NZ C1 2 C3 1 3  nC4 iC5 nC5 Cb+ i O i A L  
NO. --- 
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
h 
6 
7 
7 
6 
8 
9 
9 
10 
1c. 
11 
11 
17 
* L  
12 
----- _- 
1-17 
i6-25 
1-17 
13-25 
1-17 
16-25 
1-17 
16-25 
1-17 
18-25 
i-17 
15-25 
1-17 
18-25 
1-17 
18-25 
1-17 
1E-25 
1-:7 
18-25 
1-17 
18-25 
:-I7 
18-?5 
---___-____ __- -- ----__---__ -_--- --- 
6 Oc! 1983 12:OO 57 
28 Oct 1993 1?:00 275 
14 Jan 1924 12:OO 227 
18 Jan 1934 14:00 275 
24 Ja 1984 12:GO 275 
2.i Jan 1984 !2:00 276 
27 Jan 1?84 12:OO 276 
I i eb  1984 i 0 : X  282 
26 ieb 1534 Z : O C  277 
3 Mar 1984 10:W 277 
18 Jui 1984 12:M 97 
20 J E I  1964 l k 0 0  95 
----- 
.9691 
.4 700 
.9665 
. K 7 5  
.E143 
,6695 
.6663 
,5003 
.&39 
.E142 
.ti862 
.9E4: 
____- -_ -- 
b51 
633 
703 
705 
775 
724 
721 
6E7 
724 
716 
e7b 
6% 
2 39.89 0.00 57.73 1.39 . i 9  .02 .ii; 0.00 0 . 0 0  .76 ~ O W  HGLI 
.379 ,053 .607 ,006 0.000 0.050 .;19 .7>4 6PH2 
2 4 1 ~ 7 4  0.00 ~ 7 . ~ 1  1.35 .:9 .02 .Z 0.03 C.OO . 47  130.00 H ~ L I  . j i g  . E 3  .607 .OGb 0.000 0.000 .1?7 .o32 G F P  
2 34.05 0.00 G.44 1.62 .46 .07 .33 .G4 0.00 .29 100.00 WBLZ 
.442 .12? ,623 ,010 .015 0.WG ,122 .740 6?N2 
2 3?.79 0.00 65.16 1.5: .25 .C4 .03 .O1 .O1 .14 100.00 HOLY, 
.412 .OB1 ,013 ,010 .a04 .GO4 .059 ,582 6PHn 
2 25.53 0.00 72.62 1.52 .15 .Oi .02 0.00 ti.00 . l0 1CO.00 HOLZ 
.414 .053 .0C7 ,006 0.000 0.000 .042 .523 6PH2 
2 30.95 0.00 b6.?5 1.56 .36 .05 .0? 0.30 (1.00 .11 100.00 kDL1 
,425 ,101 .(,17 .60S 0.300 0.000 ,046 .5?5 6 W  
2 35.87 6.03 67-30 i.41 .1? .O; .02 0.00 0.00 - 1 3  106.00 f l D J  
.384 ,053  ,007 .Oil6 0.000 O.Xi0 .055 .SO5 E P F  
2 3 4 . 3  0.06 63.94, 1.36 .1P - 6 2  .02 0 . K  u.b6 .17 1GC.00 !4OL?. 
.371 , C53 .GO7 .00b 0.600 6.000 ,071 ,503 EPIV 
2 32.97 ii.00 b:.25 1.55 .18 .Ll .O1 0.00 0.00 . 6 3 1 0 C . i l C H O L %  
. 4 Z  ,051 .<IO; .003 0.060 0.000 .813  .492 SPn2 
c e 
TH15 15 CnDICE 5. 
THIS SAS WAS RELEASED YdEN THE 3RESSURE Oh ELAOY3 HcCRL! FI2ST STRGE SEPFHbT@R BUNE WAS RECUCED TO ONE ATFWhERE. 
RECORD NUllRERS DATE TINE' TENP, P)ESS, GHRVITY' GROSS HEATING* LABJ CO2 MZ C1 C2 C3 iC4 rX4 iC5 nC5 Cbt TOTAL 
13 1-17 24 Jul 1984 12:OO 94 1018 .9022 
13 18-25 
15 1-17 7 Feb 1986 ?1:10 208 516 .6560 
15 16-25 
16 1-17 a Fen 19.86 08:54 264 103~ .6416 
16 1E-25 
17 1-i7 8 Feb 1986 12:40 280 1023 ,6471 
17 18-25 
16 1-17 16 Feb 1986 13:25 295 1017 . i941 
18 18-25 
19 1-17 10 Feb I986 M:OO 296 1014 .w8a 
19 18-25 
2u 1-17 11 Fel isa6 :0:34 306 1020 . m o  
20 18-25 
21 1-17 11 i e b  19% 11:14 289 io22 ,8185 
21 le-25 
22 1-17 i l  Feb 1085 1:: 291 1019 ,9174 
22 16-25 
23 1-17 ieb i9aa 2?4 1020 ,8191 
23 1E-25 
24 1-17 I: Fee 1986 14:30 jO2 l ( ' l6  ,6516 
24 18-25 
VALUE, BTUiCF ---- - 
079 
738 
727 
743 
736 
794 
779 
750 
770 
771 
769 
757 
2 34.76 0.00 03.66 1.29 .16 - 0 1  .02 6.00 .01 -09 100.00 HOLZ 
. 3 2  ,645 .003 .e66 0.060 .Oil4 .O38 .4'@ GPR' 
2 32.5: 0.00 b5.60 1-39  .20 .02 .02 .03 .01 .2( 101.00 f%LZ 
. 3 9  ,656 .007 ,006 .01 I .004 .Of4 .547 G W  
! 29.99 S.00 58.37 1.36 .17 .Ol .0i .01 0.00 .08 100.00 kOLI  
.571 , d;8 .OO; ,003 .u04 0.040 .t34 .462 6PB2 
1 23.47 0.03 t 9 . 8 5  1 . 3  .I8 -62  .b l  0.60 0.00 -09 100.W ~ O L Y  
.;To .OS1 .607 ,053 u.010 0.000 .038 .474 6 T P  
1 K.50 0.06 74.69 1.49 .20 .52 .02 .O! 9.00 -07 100.00 HDLi 
.406 ,056 .OC7 .(:Ob .034 0.000 ,029 ,557 G?k' 
1 25.00 6.60 7;.10 1 , 4 ?  .20 .02 .02 6.00 0.00 .OF 100.00 RJLZ 
,401 ,056 .007 I OOt (1.000 0.000 .OS8 ,568 6PH' 
1 27.99 0.06 70.27 1.40 - 1 9  - 0 2  . U  B . O ~  0.00 .12 NO.N ncL% 
.3P2 ,053 .007 .$Ob 0.000 0 . W  ,050 .4W GPtl-' 
1 25.98 0.60 7 2 . 3  1.43 .!9 - 0 2  .02 0.00 0.00 .11 100.00 RoLZ 
.;90 .:53 .007 ,006 6.600 0.0bl' .046 .532 S P V  
iilI5 IS CNDICE 5.  
THIS 6R5 @AS RELEASED UtiEtI THE PRESSURE ON 6LA3Y5 FcCRL? FIRST STRGE SEPARRTCF. KINE Y6S RESUCEL TO ONE BTHCSPHERE. 
25 1-17 14 Rpr 1967 10:30 260 515 .Bb62 714 1 M . 4 b  1.62 66.72 1.45 .21 .E .62 C.03 6.06 . i o  lUO.OL HOLX 
25 19-25 ,375 .C54 .$P7 , W 6  0.000 0.000 .:I42 .50Y 6PV 
26 1-17 :4 Apr 1997 1S:N 290 516 ,8501 7 3  I 3 . 9 6  .64 b6.X 1.49 .?2 .02 .62 0.35 6.00 .ll 106.93 M L Z  
26 15-25 .466 .Ob2 .007 .DO6 G.660 0.960 ,046 .527 S W  
21 ! - I7  I4 Rpr 1987 ?2:3[1 295 519 ,343: 740 1 26.36 .50 67.31 1.46 .?6 .32 .02  0.06 0.00 .68 100.00 HJLL 
27 !E-25 .3?8 ,056 .(IO? .OOb (!.COO 6.000 ,034 .SO1 6PtF 
28 1-17 15 Rpr 1987 07:lO 235 515 .E53! 726 1 i4.34 .70 65.2b 1.4: .19 .E .Z  J.60 6 , O O  -10 106.66 WLZ 
28 E-25 .29C ,053 .Ob? ,606 $.GOO O . O t O  .0&2 .<?a 6Pt." 
29 1-17 X Asr 1967 17:40 3 4  io15 .8633 712 1 51.01 .50 66.71  1.3s .22 .01 .C1 C.06 0.06 .06 101.06 H k L  
29 1E-25 .Jib ,662 .Ob5 ,003 0.000 9.660 ,034 ,478 S ? V  
i i H E  OF ikQ0 Y R 5  EtiiEHED IF  Z O k L i i i  i i H E  HA5 NO: M I Y N .  
LAS I IS INSiIXiTE 0; 6RS T E C H W I G V ;  LAB 2 IS EEAitiEHLV LRROCRiORIES, INC.; LRE 3 IS PETEOLEUF bkRLY5i IRC. 
i6R 1 F iSM5Rj 1 
' DRY 685 A i  14-73 PSI4 RND 60 DE6 F. LAfTH D 3566-77:. Wk'5 ARE FOR GclS AT 15.025 ?SIR. 
L 

THIS IS CYOICE 7. 
THIS 6RS CAHE FRO# Thi !)RAGE4 5PK'L:NG ?LINT NHICY 15 CGNIiECTEt TO ThE TOP OF THE SECOND STk;E SEPbRFRiOR A- THE PLflDYS 1cCALL UELL. 
RECORD LJNBERS DSTE TI4E' TEHP, PRESS, 5WRVITYZ GROSS HERTIW6' LABJ CG? N2 C1 2 C3 i c 4  nC4 iC5 nC5 Lo+ i3TRL 
NO. Ih  kECGRD --- ----- -__ -____ 
13 1-17 
1; 18-25 
14 1-17 
14 18-25 
15 1-17 
15  16-25 
l b  1-17 
l b  16-25 
17 1-17 
17 i5-25 
18 !-17 
18 16-25 
I F  1-17 
19 1E-25 
20 1-17 
Xi  16-25 
21 1-17 
21 18-25 
22 1-17 
22 18-25 
23 1-17 
23 16-75 
24 1-17 
2c 16-15 
P S I A  RIP=1 VRLUE, B T U K F  
2 16.25 . l a  79.26 :,76 .?7 .03  .ti3 0.50 0.60 . 20  1Oi.00 IO2 
.485 ,070 .Ol0 . O H  0.003 0.050 .054 ,065 6Pf' 
I 16.36 .17 8i.55 1.61 .28 .03 .OS 0.bO 6.06 .13 100.00 NOLX 
.A93 ,079 .Q1S .010 0.600 0,000 . ( 5 5  .b8& 6PH' 
1 16.04 . l 6  Ei.57 i.Bi .27 -6; .03 0.09 .02 .l3 lC0.09 kOL1 
.493 .Bib .610 ,610 0.630 .GO7 ,055 .t91 6PR' 
1 17.1C -27  20.45 1.68 .34 .G2 .02 0.00 0.00 .12 100.(.6 KOLZ 
,458 ,075 .007 .OO6 C.0W 0.00(1 .050 .b17 6 P P  
1 2!.18 . I 1  76.64 1.60 .23 .OZ .02 .;J1 0.90 .19 160.00 HOL% 
.$36 .665 .007 .$Ob .064 G.000 ,080 .597 6PN' 
1 19.0: . l S  76.66 1.71 .26 .6; .(I3 0.00 3.00 .14 130.00 HGLZ 
.46b ,073 .010 .(I10 C.063 0.666 .OS? .ala 6PN' 
. c 
25 1-17 14 tp'  1967 66:33 ZBC 420 ,7036 404 i C . 4 3  .19  63.71 2 .06  .3B - 0 5  .05 .DI 3.03 . l o  130.00 LCL1 
25 18-75 .567 . it17 .617 ,oiO .ob{ t.m ,042 .?z wnz 
26 1-17 !4 A x  1967 1 4 : N  276 442 , 7 9 3  Pi14 i 13.44 .19 82.66 ;.I5 .33  .04 .04 .01 .01 ,$9 10C.00 NO?% 
26 1E-25 .56 i  . i09 .Oi3 ,013 . N 4  ,004 .OX . 7Q2  6 W  
27 i-17 t 4  Apr 1787 Zi:W 260 449 .b9b7 312 1 12.73 .20 ii4.3S ;.I5 .4!  .G5 .05 D.OU 6.01 .09 10G.00 Hili1 
27 18-25 .XI6 .:15 .C;7 ,016 0.006 0.009 .638 .772 6PH' 
28 1-17 ztr A?: !?a7 1 x 6  ZEO 450 . x ? a  831 i 15.76 . i 7  K i t  1.64 .;O .OX .03 - 0 3  C.00 .03 100.02 tV i i  
28 is-25 ,502 ,084 .Ui6 .i10 .Oll  5.0(:0 .034 .A50 EFRZ 
29 1-i7 27 kpr 1987 10:!4 2 i 4  467 .;I93 3 0  1 15.41 .17 82.15 i .66 .:E .02 .02 6.06 0.09 .09 100.00 KOiZ 
29 16-25 ,507 .379 .Ob7 .(:Ob 0.360 6.000 . E 3  . b S  jPR2 
T H I S  IS CHO!CE 6. 
TnIS 61% YRS RELERSEC WHEN THE PkESS. IjN 6Sl.YS HcCRLL SECOND STkGE S2AkATOF. BRINE WAS REDGCE2 'it ONE RTRi l5 )PERi .  
RECORD NtiEEERS 
NO. 
--- 
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
6 
8 
9 
9 
10 
3 'I 
11 
11 
12 
12 
., 
IN RECORD 
----- _ - 
1-17 
16-25 
1-17 
1E-15 
i-17 
18-25 
!-17 
1C-25 
1-17 
18-25 
1-17 
18-25 
1-17 
18-25 
!-17 
1E-25 
;-17 
18-25 
.-17 
lE-25 
1-17 
16-25 
!-17 
18-25 
O A X  TINE'  TEMP, FRESS, GRAV;TYZ GROSS HEETIN62 LAB' CGZ N? C1 C2 C3 iC4 nC4 1 5  nC5 C ~ T  T X R L  
"14 --- _-- 
320 
515 
425 
3i7 
418 
315 
515 
415 
s i 6  
269 
4 30 
435 
A I t = l  VALUE, BTalCF ----- -----  
.%a0 66C 
.9540 b? 1 
.Fki5 629 
1.0070 565 
.?ab1 582 
.9923 580 
.9600 E12 
.9782 596 
. W E  575 
1.0158 559 
.61!0 io4  
.6895 b88 
NO. 
===== ----- _ _ _ _ _  -____ ----- ----- ----- 
2 42-66 0.00 55.W 
2 46.25 0.00 58.41 
2 39.40 6.00 59.29 
2 45.73 0.00 53.03 
2 43.76 0.03 55.11 
2 44.25 0.00 51.52 
2 46.95 0.60 57.81 
2 42.74 0.00 55.9k 
2 44.80 0.00 54.21 
2 46-50 0.00 5i.31 
1 26.li 0.05 iZ.36 
1 K.59 C.00 65.01 
--_-_ - 
1.69 
.291 
1.10 
.so0 
1.09 
.297 
1.00 
.273 
. P6 
. X 2  
i.65 
,273 
1.03 . 281 
1.08 
,214 
.99 
.270 
. ~a 
,240 
1.56 
I354 
i.17 
,717 
----- __ - 
. I 2  
, a34 
. I 1  
.031 
.IO 
.G28 
.10 
.om 
.OF 
.025 
. I 5  
.O26 
.16 
,028 
.l! 
,031 
* 11 
,031 
. i!a 
.022 
.I: 
. 3 3 b  
.I? 
,034 
--_-- --  
- 0 1  
.<IO3 
8 01 
.033 
.01 
.033 
-01 
.OX 
-01 
,003 
.Ol 
.003 
.01 
,003 
.01 
.003 
. 01  
.0@3 
.01 . 003 
.01 
.COS 
. O! . CG3 
----- ---_- __--- --- _ =L=S- 
.01 ,02 .M 
,005 .907 .0:5 
.01 -02 0.00 
.003 .007 0.000 
.01 0.00 0.00 
.Oil3 0.0('0 0.600 
.O! 9.00 0.00 
.SO3 0.006 6.000 
.01 6.00 G.00 
,003  0.000 0.000 
.01 L O O  6.00 
,003 0.000 0.GOO 
.01 2.00 0.00 
,003 0.060 0.060 
.61 G.0Q 0.00 
,003 0.N6 0.000 
.C! 6.00 1.00 
,003 3.000 0.666 
.01 - 0 1  !;.ob 
.Oii3 .Ob4 i.00( 
.Ui 0.30 :.Ob 
.Cb3 0.000 !1.605 
.Ul 0.60 si.06 
,003 O.ciO(r 6.OOC 
C' J 
? P 
'HIS iS  CHOiiE E. 
TPIS 6% I(& RE-EASED H E N  T I E  PRESS. CIA ELADYS HcCRLL SECOND STAEE SEPARAYOF BRINE WAS REQLCEli 70 GNE kTME5FdERE. 
RECORU 
NO. --- 
13 
13 
14 
i 4  
15 
15 
I6 
I6 
17 
17 
18 
1 R  
I Y  
19 
20 
26 
htil6EHS DFTE TIHE' TEMP, PRESS, GRRYili2 6RX5 HEATINGa LW CO2 NZ Cl CZ C3 1C4 nC9 1C5 nC5 C6+ T T R i  
IN RECORD F 
----- 
1-17 
IE-25 
1-17 
1E-25 
1-17 
1E-25 
1-17 
18-25 
1-17 
16-25 
1-17 
18-25 
1-17 
18-25 
1-17 
18-25 
PSI& _--- --  
356 
285 
416 
418 
420 
445 
449 
463 
RIR=1 VALUE, B W E F  NO. 
TIHE OF 12:iO URS ENTEREG IF CORRECT T I E  kAS NOT KniSkh. 
54.33 0.00 61.37 
37.39 .E: 60.25 
38.97 .97 58.81 
35.59 .F6 65.95 
32.70 1.03 44.68 
2E.56 .6! 65.12 
57.01 .76 76.52 
38.17 .7u 5 9 . 6 ~  
1.06 
.269 
1.05 
.286 
1.06 
.289 
1.26 
,344 
1.31 
.357 
1.43 
.390 
1.43 
.396 
1.08 
.294 
.10 0.66 .i;l b.00 0.03 
,026 0.000 .063 6.060 0.0~9 
.10 .O1 6.60 5-00 0.00 
.OZB .003 0.600 0.0D6 C.006 
.IO .01 .01 0.00 0.00 
.026 .603 ,003 0.000 0.600 
.I5 .O1 .01 (1.90 0.00 
,042 ,003 .OW3 0.600 b . X 6  
.16 .61 .91 0.00 0.00 
.645 . O M  .OC3 C . O K 1  6.060 
. I 6  .01 .03 i;.C3 0.00 
,051 ,035 .PI0 0.000 6.000 
.I6 .01 .01 0.06 0.00 
.t51 ,005 .VU 6.101 6.000 
.11 .01 C.OO 6.09 1.00 
,031 ,003 0.000 0.600 G.C,6O 
-13 100.06 KOLZ 
.055 .;75 GFM' 
.OB 99.69 MOL% 
,034 .351 6 P V  
.07 100.0b HOLX 
.029 .:53 6PM' 
.07 100.60 IOLX 
,029 .42? 6PM' 
. I 0  106.6J HDLZ 
.042 . i 5 1  E3n' 
.Ob IOO.Oi, MOL% 
.025 .479 GPM2 
.Ob 160.90 H3LZ 
,??5 ,472 6Pt12 
.05 16:.00 H X  
.021 .35b GPH2 
2 BRY 64s A T  14.73 PSIR AND 60 E 6  F. it lSTM G 35Ba-i71. W ' s  R E  FGic 645 PT 15.9;: PSIk. 
J LA6 1 IS I t i S i I T U i E  OF GkS TECHNOL3Fi; iRi 2 IS KkTdi41Y LR6iRAi3kiES, iNC.; LRB j i f  F E i R L E u ' ;  PkktST iNS. 

c c 
hECiiitU hilH6EFiS D A i E  TIRE'  i E F ,  
NL. --- 
1 
1 
2 
2 
3 
3 
4 
4 
5 
b 
b 
7 
a 
8 
9 
E 
10 
10 
l i  
1: 
1; 
1: 
iN RECURD F 
----- 
1-17 
18-25 
1-17 
:6-25 
1-17 
iE-I5 
i-!7 
16-25 
. 1-17 
16-25 
1-17 
18-25 
1-17 
!6-25 
1-I! 
li-15 
1-17 
:a-25 
!-l? 
1E-25 
1-17 
13-25 
I - :? . .I 
is-:: 
6.4: 
4.c4 
c 6" . +  
:.bo 
4.56 
7.X 
10.59 
9.11 
9.X 
9 . 4 4  
l i . 6 4  
1 i . G  
?
 i 
1
 
r 
"
1
 
r. 
D
 
7
 
I. 
L
n
 
.w 
,*- 
.* D 
r
- 
.a o- 
r
. 
*
 
a
 
"
7
 
L
4
 
3
 
... 
-0
 
m
 
m
-
 
ir 
0
 
?
z
 
N
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C
h
 
N
 
r
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* 
b APPENDIX C 
Compilation of  'Total Gas' Analyses 
FIRST STA6E 1 1-15 8 Z c t  193; ;2:C0 97 515 
SECOhB S i A 6 i  I 16-33 8 Cfcf 1% 1?:00 -0 -0 
FLPSHED 6% 1 31-45 8 Gct 19s: 12:OO 97 515 
TBTVi GAS 1 46-69 
FIRST STAGE 2 1-15 28 3ct  1983 12:O'j 275 515 
SECOND S i A K  2 1 6 - 3  25 Jc: lU33 12:OO -0 -0 
F i A S W  6AS 2 3 - 4 5  28 (IC: 1983 12:OO Z i 5  515 
TOilL 6AS 2 46-60 
FIRST S X 5 E  3 1-15 14 Jan  1 '34  17:00 227 769 
SECOND SiAGE 3 16-36 14 Jan l?84 lb:00 E6 Xi! 
FLASiED 3:AS 3 31-45 14 ;an 1964 l k 0 0  226 Z g i  
TGTAL 6AS 3 46-60 
FIRST STAGE 4 1-15 18 Jan 1964 lkO0 100 765 
SECOND STAGE 4 16-30 18 Jan 1964 14:OO -0 -0 
FLASHED 6AS 4 31-45 16 Jan 1964 14:Oil 275 765 
TOTRL 6AS 4 46-66 
FIRST STA6E 5 1-15 24 Jan 1984 12:SO 113 1315 
SECOND STME 5 1 6 - 3  24 Jan 1984 13:00 220 515 
FLASiiED 6AS 5 31-45 24 Jan l P E 4  13:N 267 515 
TOTAL 64s 5 46-bO 
FIRST STAGE 6 1-15 26 Jan 1984 12:OO !OO 1321 
SECOND SikGi b 16-:0 ?C J a n  1934 12:OO 236 425 
TOTAL 61% 6 46-6.1 
FLlSIiEB 6RS 6 31-15 i b  ;an 1984 12:irti 273 4 3  
FIRST STAGE 7 1-15 27 Jan l i 6 4  13:00 245 !Zlb 
SECOND STAGE 7 16-:O 27 Jan  1W4 13:OO 250 ?15 
FLRSHED 5AS 7 5;-45 27 Jan 1984 I3:?0 207 519 
TOTAL 50s 7 4b-63 
FIRST SiRGE B 1-15 7 Feb 1984 10:jO 88 1015 
SEiONC S i A E E  8 la-30 7 Feb 1984 11:31 lbb  418 
FLASniD 6AS B 51-45 7 Feh 1994 12:30 275 413 
TOTAL GAS 6 46-6C 
FIRST STA6E Q 1-15 ? Feb 1094 !9::5 93 1015 
SECOND S T A S  c' 16-X 9 Feb 1984 10:30 25: ;15 
FLASHED GAS 9 31-65 ? Fe? !75J 1 
TOTAL SA5 9 44-00 
~6.50 is.6: 2 5  a5.36 2.34 .5: 
0.00 -.IO -.IC -.io -,1; -.lo 
3.75 39.W 3.50 57.73 i.3 . lq  
3 0 . 3  14.Z1 .?i 32.43 2.22 .48 
26.53 10.31 .:4 64.95 2.31 .5i 
0.00 -. lo -.IO 0.00 -.!I: - . la  
3.85 40.74 0.09 57.21 1.15 -13 
30.3 14.!7 . ? l  81.34 2.19 .47 
24.90 9.09 .?5 87.14 2.41 .55 
3.05 18.E9 . I 6  76.;3 1.81 .i8 
2.33 4 L t 6  0.00 55.8? 1.09 .1? 
30.:4 12.65 .2 E3.8: 2.25 .49 
25.20 6 . N  .:b 86.76 2.44 .55 
0.00 -.!O - .I0 -.lo - . lo  -*lo 
6.6: 32.79 0.50 65.18 1.51 .2? 
51.23 11.62 .21  84.21 2.26 -50 
22.90 7.87 .26 83.35 2.43 .5i 
2.49 13.54 . I ?  85.74 1.94 .:I 
4.22 40.25 0.30 3 . 4 1  l.!0 . l l  
29.01 E . %  .i2 E3.71; 2.24  .46 
22.36 7.81 .?& 66.52 2.46 - 5 7  
z.3 15.73 .I! 61.61 1.85 .:e 
3.19 39.40 0.OC 5 . 2 5  1.09 .!U 
3.3 1 2 . X  .22 84.51 2 . X  . 4 q  
22.5: 7.6: .27 E3.51 2.47 .Cb 
2.03 45.73 O.:O 53.0: 1.00 .10 
4 . Z  18 .E  . l o  i 6 . 5 5  1.75 - 2 6  
29.94 12.90 -2: a3.84 2 . 2 5  .47 
1.66 15.67 . iz ai.se 1.78 .2a 
22.80 7.77 .?E 88.54 2.47 .% 
3.34 4 3 . X  0.09 55.11 .95 -09 
27.62 12.57 .24 E$.!? 2.2: .49 
2 2 . N  7.21 .3 8E.Y 2.46 .Si 
4.20 17.21 . 1 E  G 0 . Z  1.74 .26 
2.60 41.25 0.40 54.52 !:I0 .13 
2 9 . 5 0  !1.?5 .X  3 . a ?  2.24 .43 
: r4 
_ _ _ _ _  _ _ _ _ _  
. d V  -. 10 
. 5 ;  
8 o i  
. 09 
-.10 
.o; 
-06  
.IC 
.(I3 
.01 
I 09 
.IC 
-.io 
.04 
.09 
.lG 
.1!4 
.01 . !16 
. t j  
.$I 
.O1 
. 0E. 
. !3 
.03 
. ) I  
.05 
. !O 
.O! 
..E 
. oa 
.10 
* 05 
..!I 
* 03 
.06 .C2 .01 1.5E 
- . l o  - . lo  -.IC! -,x 
.02 c.00 0.00 .47 
-07  .O? - 0 1  i.44 
.oa .o: .o! A: 
.03 .ii3 .51 .43 
.Gl .o; . 3 4  -16  
.07 .02 .U1 .34 
.08 .O; . j 2  .96 
-.lC -.lG - . lo  -:3 
,OS .O1 .0! .14 
.O7 .03 .02 -60 
.09 . 02  A! .23 
.E 0.30 0.03 .21 
.11 .a2 0.00 .!.ti 
,$7  .OI .O1 ,:: 
.(I9 .<I3 .U: .13 
,9; j .W .'I1 .:e 
- 0 1  0.20 . I ?  
.G7 .O? - 0 1  . I 1  
.oa .02 .21 .15 
.0: .a1 O.'W - 2 7  
.O1 3.00 9.00 .!? 
. a6  .02 .31 .17 
.OS .C? .01 . l i  
- 0 5  0.30 0 . M  .21 
- 0 1  3.co 3.c0 .02 
. I 7  . C ?  .Ol . i d  
.OR .0? A? .i? 
-0; i..OG 3.00 - 2 6  
,Oi 0.Kk 0.00 .11 
.c7  . c z  .3? .2: 
NO. 
--- _ - 
RECORD N W E I S  DATE T I E  TEilP PRESS 6Y'i CO2 N2 Cl 2 C3 I C ~  nC4 IC; 03 :6+ .Ab W C 1  C3IC1 CO2/il 
IN RECORD P S i A  SLFlbbl 
FIRST S T E E  10 
SECGND STAGE 10 
FLRSHED BAS 10 
TOTAL 6AS 10 
FIRST STAGE I f  
SECOND STAGE 1 1  
TGTA? 61% 11 
FIRST S i A G E  12 
SECOND STAEE 12 
'LPSHED 6RS 12 
TGTAL 6RS 12 
FIEST STAGE 12 
SECONG STRGE 13 
FLRShE) 615 I 3  
TGTRL 6AS 13 
FIRST STAGE 14 
SECOND STAGE 14 
FckfHEIi 6AS 14 
TGTAL 6AS 14 
FILS1 STRGE .5 
bt,bND STAEE 15 
F-RSHED 61% 1: 
T l R ?  6RS 15 
F I G  SASE 16 
SEiOND STAGE l h  
FLkSriD 695 l b  
T O T I !  6AS 16 
5 C S T  STASE 17 
SECDW EiAGi 17 
;LSHE$ 516 17 
TOTRL 6% 1: 
FLASHED GAS i 1  
1-15 29 Feb 1984 1l:OO 8E 
16-30 29 Fen 1784 11:O'J 0 
31-45 29 Feb 1984 11:OO 177 
46-60 
1-15 3 Par 1984 10:Ov C? 
10-33 ; bar 1084 1C:UO C 
31-45 3 Far 1984 10:06 277 
4C-60 
1-15 lE ,it11 1964 l4:OO 97 
16-33 18 Jul 1984 14:W 2b3 
31-45 16 Jul 1984 !9:00 263 
45-60 
1-15 20 lid 1984 12:oo 95 
16-30 3 d u l  1914 12:M 225 
:I-45 20 Ju1 1784 1?:00 Zb4 
46-60 
1-15 24 Ju l  1784 1200 94 
ib-30 24 jtii 1984 i3:oo 225 
51-45 24 JLi isar is:oo 275 
46-60 
i-15 26 Jtii i964 1I:N 82 
Ib-30 20 2 ~ 1  IC64 15:OO 207 
31-45 2h J u l  1964 15:M 2A7 
4h-00 
1-15 17 iiec 1935 17:16 91 
!i-30 1' 2,; 1935 17:20 Z79 
ZL-45 17 Oec IS85 E 1 5  273 
46-00 
1-15 iB DE; lis5 0?:39 90 
i b - 3  i6  DEC 1FB5 19:44 27; 
Zi-4: 1; G E ~  1935 [11:i5 274 
46-AL 
--_- -- 
:24 
0 
:24 
419 
0 
4i9 
101: 
515 
515 
1015 
415 
415 
!ala 
318 
318 
1020 
2aq 
239 
i019 
429 
456 
1918 
4 35 
455 
?>15 
550 
-I 2 J b  
_---_ --__- ----_ -- -- 
29.30 12.74 
6.00 0.00 
2.31 3c.59 
3i.61 14.04 
28.10 11.61 
0.96 0.00 
2.62 25.47 
30.72 12.79 
22.30 7.86 
3.30 !3.4b 
4.42 46.95 
36.02 13.30 
23.10 7.63 
3.60 15.96 
3.76 42.74 
30.46 13.10 
2Z.00 7.82 
4.80 19.63 
2.80 4L.66 
50.oO 13.04 
23.40 7.63  
4.67 22.24 
L.31 4a.50 
3 C . S  !:,.02 
x.41 7.~9 
3.33 lb.0(1 
2.85 2k .11  
24.59 1b.56 
5 . 2 4  8.00 
3.LF : b , P  
2.66 3.S9 
3 . 3 9  !:.3 
?!.71 :.66 
3.N 17,lCi 
2 . 3  36.3 
";.GZ 1:.:a 
----- ----- -_-_- ---__ ----- ----- - --- ----_ 
.i4 a:.?? 2.25 .49 
0.00 0.00 6.OO 0.00 
C.06 67-53 !.49 .22 
.22 82.72 2.19 -11 
2 4  E5.03 2.27 .SO 
0.M 0.00 d.LO k C 6  
0.i13 71.58 1.59 -23  
.22  85.47 2.21 .48 
.25 88.59 2.43 .56 
. ! 9  83.93 1.91 .51 
0.00 57.81 !.is . l o  
.21 83.55 2.19 ,46 
.Zb 88.57 2.4b -56 
.17 81-54 i.63 .2S 
0.00 5s.94 i.06 . I1  
.22 K.71 2 . i 2  ,47 
.27 86.53 2.45 ,% 
.3; 77.b3 : .ha  .?5 
0.00 51.21 .vi -11 
.25 85.68 2.20 .47 
.26 86.50 i . 4 5  .Sb 
.29 E.3 1.63 .?; 
.24 85.72 2.21 .47 
0.00 :?.si .a8 .OB 
.x 6 a . a  2.42 -55 
.l7 8!.5A 1.81 .?E 
0.00 72.39 !.50 .13 
.?l Ba.25 i.24 .48 
.I7 6!.59 2.4: .54 
, ; < I  E1.57 1.6! .27 
5.00 65.51 1.17 .12 
. ! 5  85.52 :.i4 .;7 
.:: ZE.47 2 . U  ,01 
.:7 3i.c5 1.66 , 3 4  
;.<lck:.;7 i . > b  , I C  
,LE 85.: ;.:a . 5 4  
----- 
.02 
6.00 
.02 
I O 2  
-02 
0.00 
(:.OO 
.02 
.O? 
0.OC 
0.00 
.O1 
.92 
0.00 
0.06 
.02 
,62 
.01 
0.00 
.02 
.02 
.01 
.31 
.O? 
.x 
3 . 3 0  
b . 00 
.Cl 
.u2 
5.30 
J.00 . ?; 
- -  
, b L  
9.30 
,:, . 90 
,.? . r L  
----- ___- 
,01 
0.00 
.e1 
.01 
.O! 
0.00 
8 01 
-01 
.62 
0.00 
.O1 
.Ol 
6.00 
0.00 
.O! 
.01 
.01 
0.00 
-01 
.01 
(..OO 
C.00 
.01 
.62 
0. GO 
0.00 . 02 
.01 . i z  
6.00 
. i i  
0.00 
.ill 
< . b i  
O.i.5 
.Ci 
----- 
.le 
0.30 
.08 
.17 
.17 
0.?0 
.09 
.16 
.13 
.le 
.69 
.13 
.I1 . 14 
.ll 
.ll 
.15 
.44 
-07 
.19 
.13 . 2b 
.20 
. l b  
.ll 
.13 
.Ob 
.ll 
.OB 
.13 
.09 
. o i  
. a :  
* 12 
.!:. 
. l l  
----- 
2 
2 
2 
2 
2 
2 
i 
2 
i 
2 
2 
2 
2 
2 
2 
2 
2 
2 
? 
2 
2 
2 
7 
1 
1 
1 
1 
1 
1 
! 
1 
! 
i 
i 
L' ' b" 
br n, 
M
 
=
r 
'f: 
' \  
NO. __- -- 
F i 2 S  STA6i 28 
SEC3hD STAGE 28 
FLASHED 6115 28 
TOTAL 685 28 
F I R S ?  STAGE 29 
SECGND STABE 29 
FLASdE3 6AS 29 
TOTAL BAS 29 
FIRST S i A B E  39 
SEirJND S A G E  30 
FLASHED ;AS 30 
TOTAL 68s 50 
F I R S T  STA6i 31 
SECOhO STAGE 11 
FLASHED BAS 31 
TOTAL 61% 31 
F I R S  STA6E 32 
SECOND SThSE 32 
FLASHED 3 s '  32 
TOTIL 6AS 32 
F I R S T  STAGE 33 
SECOND S T A X  33 
i L R S H E 3  6 A S  33 
TOTAL GAS 33 
F!"T STAGE 34 
SECOND ST46E 34 
FLASPE3 :AS 34 
TOTAL 6AS 34 
F I R S T  STAGE 35 
SECOND STAGE 35 
FLPSFEQ 6 4 s  35 
TOTAL GAS 35 
FIRST STAGE 36 
SECOND STRGE 36 
FLASdEC BAS 36 
TOT4i 6dS 76 
1-15 13 Apr 1 W  12:N 95 
16-3 1; t lpr  1987 ilF:3C 276 
31-45 13 Apr 1987 10:53 276 
46-60 
1-15 1; Ap; 1987 18:20 74 
16-;O 13 Apr 1967 17:4U 25G 
3 - 4 5  ;3 Apr 1987 19:OO 25: 
46-30 
1 - 5  14 Apr 1987 07:25 80 
i 6 - x ~  14 hpr 1997 6 a : x  260 
31-4: 14 Aor 1987 O k O J  280 
46-60 
1-15 14 Apr 1987 67:56 280 
16-!0 14 4pr lP87 07:59 0 
31-45 14 Ipr 1987 16:30 260 
44 -~0  
1-15 14 d o r  1087 14:50 91 
16-50 14 Rpr 1987 14:54 0 
71-45 14 Ppr I987 15:iO 280 
4kb8) 
1-15 14 Aor 1987 14:SO 91 
!6-3 14 Fpr 1487 14:bO 276 
31-45 14 Apr 1987 lb:00 27: 
46-00 
1-15 14 Apr l9Bi 22:OO 85 
16-30 14 Aor 1987 2201)  0 
31-45 14 Ppr 1967 2 2 3 0  285 
46-60 
. 1-15 14 Apr 1987 22:00 65 
lb-30 14 A p r  l9Bi 21:CO 280 
31-45 14 Apr 1987 Z!:15 280 
4b-6G 
1-15 15 Apr 1987 56:25 73 
16-30 15 Apr 1987 O6:25 0 
3-15  15 h p r  1987 07:lO 3 5  
46-a$! 
ps:a --_- -- 
101; 
415 
415 
515 
410 
418 
515 
4 23 
4 ?Q 
515 
0 
515 
517 
0 
51a 
517 
442 
44: 
519 
9 
519 
519 
449 
449 
515 
0 
51: 
SCF;bbl - ---- ----- --___ ----_ 
22.32 a.:7 
L Z 4  16.71 
3.07 38.97 
28.73 12.45 
B.27 i1.11 
1.20 13.89 
2.91 33.59 
31.36 13.30 
27.21 18.87 
1.18 13.43 
2.88 32.70 
31.27 12.98 
27.21 lC.99 
0.00 - . lo 
4.31 30.46 
31.52 13.65 
27.47 11.!7 
0.09 - . I0  
3.90. 28.90 
31.37 :3.37 
27.47 11.17 
1.07 13.44 
2.82 28.56 
31.30 12.81 
27.73 11.01 
0.09 -.IO 
3.48 3.3 
51.21 12.94 
27.73 1l.irl 
1.92 12.70 
2.70 27.01 
31.45 12.44 
27.68 11.09 
c.00 - . lo  
3.5; 27.34 
31.2! :;,1: 
.25 88.35 2 . v  
.97 59.8! 1.06 
-32 64.34 2.22 
.?; 80.90 ;.a! 
.2i 85.95 ?.?3 
.I9 85.71 2.08 
.29 8S.91 2.14 
1.03 64.68 1.51 
.27 05.7t 2.25 
-.lo -,lo -.lo 
1.02 66.72 1.45 
.37 83-16 2.15 
.23 K.55 2.30 
-.IO -.lo -.lo 
.66 63.53 1.49 
-28 83.44 2-20 
.23 85.55 2.30 
.IF 6 3 . b  2.1; 
.61 b9.12 1.4; 
- 2 6  a4.31 2.22 
. E  85-75 2.27 
.a 83.v  2, ia  
-.IO -.IO -.lo 
.50 64.30 1.46 
.25 65.75 2.27 
.?O 84.35 2.15 
.74 70.52 1.43 
.24 84.90 2.19 
.?2 85.76 2.25 
-.I.) - , l o  -.lC 
.70 63.20 1.4; 
. 2 7  g 3 . i ;  !.lq 
---_- _ _ _ _  
*:4 
.26 
.10 
.46 
. (9 . 35 
.15 
.45 
.67 
.36 
.16 
.44 
.47 -. 19 
.21 
.4: 
. k9 -. 10 
.22 
.44 
.47 
,39 . i8 . I 6  
* 46 
-,I0 
.2u 
.45 
-48 
.41 
I18 
.45 
.49 -. 10 
.19 
. 46  
_-__- --- 
.OB 
.U2 
.01 
. C i  
.07 
.64 
.O1 
.66 
.07 
.05 
.ill 
.Ob 
.07 
-.IO 
.O? 
.06 
.07 
-.lo 
.02 
, CILI 
.37 
.04 
.O! 
.06 
.07 -. 10 
a 02 
.Ob 
.97 
.65 
.01 
.36 
.(j7 -. 1(. 
.02 
.06 
.07 .<I: .31 
.O1 0.00 O . i ?  
-01 0.00 0.oc 
.OI .02 A1 
.03 .02 .01 
.c4 0.00 0.00 
.01 3.90 0.J i  
- 0 3  .3i .01 
.a .02 .Ol 
.05 .01 0.10 
.O1 0.00 9.00 
. 0 i  .02 .C! 
.36 .03 .0? 
-.lo -.lo -.lo 
.02 6.00 0.03 
-05 .i13 .O? 
.07 .X .01 
-.lo -.tu -.lo 
.92 0.03 0.co 
. 6 b  .02  .01 
.07 . d Z  .GI 
-34 .O1 .O1 
.o: 0.03 0.60 
, c7  .O; .01 
.Ob .02 .02 
-,19 -.13 -.lo 
.O: 0 . d  0.00 
.Ob .02 .CZ 
.06 .32 .02 
. c 5  0.il0 c.00 
. O l  0.eo 0.M 
.Ob .3; .02 
. c i  0 .N  0.00 
-,1;1 - . ID - . lo  
. c2  0.30 3.i0 
.Ob 3 . 3 0  0 , o i  
----_ - _ _ _ _ _  - 
.?b 
.07 
.07 
.Ob 
.07 
.9i 
.07 
.oi 
. CB .. '6
.15, 
.l!s 
.07 -. 10 
.IC 
- -  
. .a7 
.09 -. 10 
. I1  
.0i 
.2? . 'I? 
.I'6 . 1% 
. $7 
-.lo 
.a . 07 
.07 
,09 
.Ob 
.37 
. 38 
y.10 
. I 6  
.* . d 3  
1 
1 
1 
1 .02% .005? .154i 
1 
1 
1 
1 . U s 1  ,0355 ,1503 
1 
I 
: .1%4 ,0055 ,1525 
1 
A 
1 
1 ,0253 .W5; ,1542 
1 
I 
1 
1 .0:5u .0,)54 .!474 
